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SECT. 11.-OTHER SELECTED PAPERS. 

(Paper No. 2754.) 

‘c Seacombe Ferry Improvement Works.” 
By WILFRID SWANWICK BOULT, and JOHN JAMES Porrs, 

Assoc.  MM. Inst. C.E. 

FROM the days  when row-boats and  river gigs gave place to 
steamers as a means of communication  across the Mersey, up to 
the  year 1857, the  landing accommodation at  Seacombe  consisted 
of a stone slip 15 feet wide, built on the foreshore on an incline of 
1 in 20. Fixed along this  slip were railway metals, for carrying 
a movable stage,  which  was allowed to  run down by its own 
weight as the  tide ebbed, and was hauled up  by steam power 
winding  in  an attached  chain on the flood tide. By  this somewhat 
primitive arrangement the deck of the movable stage was con- 
stantly  kept  at a suitable  height for embarking and  landing  the 
passenger and goods  traffic of the  ferry steamers. I n  1857, owing 
to a greatly increased  traffic, it was found necessary to provide 
additional accommodation. This was done by widening the  slip 
and stage  to 21 feet, but  the previous system of landing was 
maintained. 

The  annual passenger traffic having reached to about one million 
and  three-quarters, it became evident that a ferry on a totally 
different scale was an absolute necessity. After several years 
spent  in discussion, and after  many designs had been submitted in 
competition, the plans of  Mr. W. Carson, M. Inst. C.E., were 
adopted by  the Wallasey Local Board, to whom the  ferry belongs, 
and  the Mersey  Docks and ’Harbour  Board, and were embodied in 
the Wallasey Improvement  Act of 1872, by which it was settled 
that  the  incidental reclamation of foreshore should be carried 
out  by these two Boards conjointly, the cost to be defrayed in 
proportion to  the area of reclaimed land  which each retained. 
The  first contract, that for the  river wall, was let in May 1876. 

GENERAL DESCRIPTION.-(P1ate 9, Fig. 1.) 
The old slip was laid across a triangular piece of foreshore, 

bounded on one side  by  the  north  wall of the  “North Reserve,” 
belonging to  the Dock  Board, and on another by  the Marine Parade, 
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a sea wall  skirting  private  property ; while the  third side was  open 
to  the river. Along this  third side  a  wall  has now  been built, 
upwards of 1,000 feet in length,  extending from the shipbuilding 
yard on t,he  south to Seacombe Point on the north. The land so 
enclosed amounts t o  nearly 4 acres,  about  two-thirds of the  filling 
for  which was obtained  by  levelling down the  high bank  forming 
the bowling  green  and  grounds of the old  Seacombe Hotel,  and a 
field  beyond. Of this area  nearly one-half (8,395 square  yards) 
has been taken by  the Dock Board, who thereby  obtain  a  nearly 
rectangular plot with  a deep-water  frontage,  eminently  suitable  for 
a  shipbuilding  yard or similar purpose, in place of an awkwardly- 
shaped triangular area with no river  frontage. The remainder of 
this reclaimed area is occupied by  the approaches and accessories 
to the  ferry,  and  by  the owners of private  property  adjoining. 

Moored t o  the new wall, a t  a  clear  distance at low water of 
226 feet 9 inches from the coping line, is a floating  landing-stage of 
similar  construction to  the  great Liverpool  stage. Communication 
with  the land is maintained by two  bridges of 160 feet  span, at- 
tached to cylinder  piers,  which  project 80 feet from the  river wall. 
Considering the hard  nature of the ground  and the  large amount 
of dredging that would have been required in  the first  instance 
t o  provide sufficient depth of water  for the landing-stage,  if fixed 
without the interposition of piers,  and, in  the  next place, t o  ensure 
a  straight course for the  tide  to maintain the necessary depth, it 
was decided to extend the  stage considerably  into the river,  and so 
reduce the  dredging t o  a minimum. As the Seacombe Ferry  is 
situated  just  at  the narrowest part of the Nersey,  where the tide 
sometimes runs a t  6& knots  an hour, with  a maximum rise  and  fall 
of 32 feet 6 inches, it was not deemed prudent,  nor would it have 
been  permitted  by  t,he Conservancy, to encroach on the fairway of 
the river  further  than has been done, and the  length of the bridge 
piers was fixed at 80 feet,  although  this was not sufficient to 
obviate  entirely  the necessity  for  dredging. It had been deter- 
mined by  the Local Board to provide not  only  for passenger and 
ordinary  cart traffic, but also for loaded railway wagons, in the 
hope that  the Dock Board might  thereby be induced t o  organise 
suitable accommodation for this class of traffic on the Liverpool 
side, and so connect the dock systems on both sides of the river. 
This object  has been attained in  the following manner (Fig. 2) :- 
Between the  two bridge  piers  a  high-level  pier is carried out as 
far  as  the landing-stage,  and  has a t  ita outer  end  two  hydraulic 
lifts capable of transferring loaded railway wagons bodily between 
the landing-stage  and  pier. In connection with  the  lifts rails are 
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laid on the landing-stage  and  along the high-level  pier,  and  joined 
with  the dock system of railways. 

'The spaces,between the bridge  piers  and  the high-level  pier  are 
filled in by  platforms,  forming with  the piers  a floor, on which 
buildings  for the accommodation of the passenger traffic partly 
stand,  being  also  continued  for 29 feet on to the quay.  The 
primary object, however, of the platform is not so much to support 
the buildings  as to  connect the piers  together  and  bind  them  into 
one continuous whole, so as to be better able to  bear the stresses 
induced by  the motion o f  the bridges,  and  to oppose a  greater 
resistance to  vessels that may run foul of it. The  long  projecting 
high-level  pier  is  protected by  the landing-stage  and bridges. An 
engine-  and boiler-house and  accumulator-tower are  built  in  a con- 
venient position contiguous t o  the passenger buildings. 

A main approach road to  the  Ferry Station, 122 feet wide, has 
also been constructed  over the reclaimed land.  Simultaneously 
with  the execution of the above works  several of the roads in  the 
neighbourhood leading to  the  ferry were widened, and  had their 
gradients eased under  the direction of the Board's Surveyor, Mr. 
James  T. Lea. 

TEMPORARY LANDING-STAGE. 

A short  distance  south of the old  Seacombe Ferry a  vacant 
shipbuilding  yard was obtained  for an approach to  the  river 
during  the execution of the works, which absorbed the old ferry 
site,  advantage  being  taken of the existence of a  large  shed,  under 
which  carriages could be driven  and  a  cabstand be established. 
The temporary  landing was arranged  with  a floating  stage  and 
bridge,  which  had  previously done duty  at  the " South End " 
Ferry on the other  side o f  the  rirer. 

The %eating stage was formed with one pontoon of wrought-iron 
plates 2 inch  t,hick, 120 feet by 30 feet, by 7 feet 9 inches  deep in 
the frame, with  a projection  under the bridge 20 feet  by 10 feet : 
the whole was stiffened with angle-iron  frames,  bulkheads,  and 
%ooring  plates. The deck was of 3-inch pitch  pine,  and  had  a 
camber of 7 inches. The moorings were l+ch chains. 

The  bridge had  a  span of 150 feet,  and,  although it acted  as  a 
boom to resist the  pull of the mooring-chains, and  to  take  up  the 
roll of the stage in rough  weather, it was of very  light Construc- 
tion. There  were  two  plate  girders of the bowstring  shape 8 feet 
apart  in  the clear, 152 feet  long by 7 feet 6 inches deep in  the 
centre.  The roadway was attached  to the bottom flanges. 
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The old shipbuilding yard  through which the  ferry was to be 
.approached, sloped down to  the  river wall, where the level was 
14 feet 6 inches above the Old  Dock Sill, Liverpool, which is  the 
datum  level always employed on the banks of the Mersey, and  is 
5 feet below Ordnance datum. This being too low for attaching 
the bridge, a timber  pier 16  feet wide was carried out from the 
ground at   the  back, 24 feet above datum, to  within 35 feet of the 
river wall. On this  pier  the inshore end of the bridge was hinged 
to a crosshead, which  latter was capable of motion in a horizontal 
direction round a centre pivot. The connection with  the  landing 
stage was of the same nature. 

As a t  low water of spring-tides the  stage took the ground, to 
guard it against  injury five balks of timber were fixed to  the 
bottom. A landing-boat, carrying a platform 50 feet by 8 feet 
6 inches, was at  such  times moored  end-on to  the outside of the 
stage,  and reached into sufficiently deep water for the  ferry 
.steamers to come  alongside. 

RIVER WaLL.-(Plate 9, Figs. 3 to 7.) 

The  river wall, extending from the  North Reserve to Seacombe 
Point, presents few features of special interest.  Borings  had shown 
tha t  for its whole length it would rest on a thick bed of very hard 
boulder clay. 

The  wall is built of random soft-stone masonry in hydraulic 
lime mortar; the face being formed of broken coursed, pitched 
faced  stones, and pointed with Roman  cement. The proportion 
.of large stones was high, two-thirds of the masonry being in blocks 
.of not less than 20 cubic feet each. The mortar was prepared 
and supplied to  the contractor by  the Mersey  Docks and  Harbour 
Board, and was at  first made of 3& parts  by measure of lime to 
5 4  parts of sand ; but these proportions were soon altered  to 4 parts 
of lime to 5 parts of sand, which withstood the action of the  tide 
.on unfinished parts much more satisfactorily. The limestone, as 
usual on the dock estate, came  from the  Halkin mountain, in 
Plintshire. 

Work was commenced by  driving piles for the  staging necessary 
for  two steam-jennies, which were employed during  the construc- 
tion of the wall. The uprights, 14 inches square, were spaced 
20 feet  apart from centre  to  centre,  and double running logs of 
.the same scantling, bolted together in 40-feet lengths, so as  to 
break joint,  were dogged on the top, the  butt joints of the lower 
runner  resting on corbels, and being fuxther secured by cheeks 

T 2  
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bolted to  the  upright  and runners. Opposite every alternate up- 
right a spur  pile was driven,  and a half-balk brace bolted to both. 
The jennies were mounted as (‘ Goliaths,” their span  being 58 feet 
6 inches, and  they were each capable of lifting 10 tons. 

At  the south  end of the  wall a well 12 feet  square  was sunk to a 
depth of 10 feet below the foundation level, and securely timbered. 
A box lander, 1 foot 6 inches by 1 foot 3 inches,  connected the well 
and  the foundation hole, and was continued under  the  wall as the 
work progressed. A blow-lander of similar construction was led 
directly  through  the  wall a t  a level just deep enough to allow the 
holes to be flooded before the tide poured in over the sides. A 
Murray’s chain-pump, with  feathering buckets, 3 feet by 1 foot, was 
fixed in the well, and  gave  great satisfaction, never having required 
the  slightest  repair  during  the  ten months it was in use. J t  wa0 
driven by a belt from a locomotive engine. With  this machinery 
a hole 65 feet by 17 feet by 10 feet, containing 68,980 gallons of 
water could  be emptied in fifteen minutes, or  at  the  rate of 4,600 
gallons per  minute. 

The  wall was founded throughout its entire  length  at a depth 
of 10 feet at  the toe, and 10 feet 8 inches at  the back,  below  Old 
Dock Sill. Opposite the  piers it is carried up to a height of 27 feet, 
and for the remaining portion terminates a t  24 feet, above this 
datum. For  the  greater  part of its length  the foreshore was a t  
about the  datum  level; at  the south  end it was 6 feet below, and a t  
the  north end 2 feet above. For a foundation nothing  better could 
be desired than  the  hard boulder clay in which the wall stands. So 
hard  and solid is it that no sheet piling  or  timbering of any sort 
wm  required;  the sides of the holes standing nearly  vertical 
(with a batter of 6 inches) for a depth of 10 or 11 feet, even though, 
as sometimes happened through  attempting  to  level up too large 
an amount of work in one tide, the hole was to a great  extent filled 
with  water over the edges, instead of its being let  quietly  in  by 
the blow-lander, well, and  emptying lander. The object of leaving 
the work as smooth and even as possible at  the end of each tide 
was twofold. First to reduce the chance of the  mortar being 
washed out of the  joints,  and secondly to minimise the deposit of 
silt and allow of the easy removal of what found its way on to  the 
work. The amount of this deposit was, in rough  weather, con- 
siderable. After  two  tides 36 cubic yards of silt have been  removed 
from a length of 60 feet of wall ; the  setters  and wallers mean- 
while waiting till they could get  to work. This operation 
occupied twenty-three navvies and a steam jenny for  one hour 
and a quarter, out of a total working  time of three hours and  forty 
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minutes-that is, for one-third of the tide. Overlying the clay 
was a bed of sand and  gravel,  constantly  varying in depth  as it 
was drifted by  the waves, but averaging between 2 and 3 feet 
thick. To keep this out of the open  holes, a row of blocks of ashlar 
and backing  was sunk  through it on to  the clay. This proved 
convenient and inexpensive, as, when  the work had been brought 
up  to  the  level of the foreshore, the stones, being no longer 
required to keep out  the sand, could be carried on for use in  the 
next hole as soon as the clay there had been laid bare. Thc clay 
being too hard for lunching, was got with picks. A gang of 
twenty-six men could excavate and fill into  skips 32 cubic yards 
in a tide,  or at  the  rate of 1; cubic yard  per  man per tide. When 
work was in  full progress, the foundation was put  in  in  lengths of 
from 60 to 70 feet. The best five  weeks’ work was done  from the 
27th of July  to  the 31st of August, 1877, when three holes, 
averaging 62 feet 4 inches long, were excavated through 10 feet 
3 inches of clay, besides about 18 inches of sand and gravel, and 
the whole filled with concrete and masonry to a level of 2 feet 
above Old  Dock  Sill. Altogether  four  hundred and seventy-one 
tides were occupied in founding this wall. 

The  details of construction were as follows : A hole having been 
excavated to foundation level, the bottom was covered to a deptll 
of 2 feet  with concrete composed of 8 parts of shingle, gravel, and 
sand, from the beach, to 1 part of Portland cement. I n  this con- 
crete,  burrs were embedded, care being taken  that no two were 
allowed to touch.  On the concrete,  blocks of backing and old 
masonry from 2 to 3 feet  thick were set  in mortar,  leaving spaces 
of from 6 inches to 2 feet between them, which were filled indis- 
criminately  with  either concrete or rubblc masonry.  Above this 
foundation course the  wall is built  in mortar. The coping stones 
are joggled together  and well bonded into  the work  below,  ex- 
perience in similar  situations  having shown this  to be a necessarx 
precaution. 

Immediately to  the south of the goods’ bridge  pier is a flight 
of granite steps, 7 feet wide, built of large blocks, two  steps  in 
each. 

The cast-iron bed-plates on which the  girders of the bridge piers 
rest,  and to  the back of which they  are secured, are  in  their  turn 
bolted down with 2-inch Lewis bolts to blocks of granite, 2 feet 
$hick by 5 feet deep, and anchored to masses of concrete at  the 
back of the  wall  by twelve 2-inch anchor bolts of  28 feet average 
length  to each pier. The bolts are disposed in two  similar  tiers 
of six each, and splayed out at  the back like a fan. The in-shore 
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ends are enlarged to 29 inches in diameter, and  are screwed.  Cast- 
iron washer-plates, 4 feet by 2 feet, are passed over the ends, one 
plate  taking  the  two corresponding bolts in  the  two tiers. 

Provision for attaching  the mooring chains of the landing-stage, 
which are arranged in two groups of two each, is made as follows : 
At a distance of 16  feet behind, and 10 feet 6 inches below the 
coping, mooring bollards are  built  into extensions of the wall. 
A circular  wall is carried up round each bollard, forming a chamber 
7 feet in diameter, the work being  gathered in above up  to  the 
quay level, so as  to leave a man-way 2 feet in diameter. From 
each chamber a hawse-hole leads to  the face of the wall, where 
the  two forming one group  are  united  in a cast-iron hawse-pipe. 

The  wall  is backed up for a width of 24 feet from the  face 
with rock rubbish,  which  was gently poured out of the wagons 
in which it came by  the steam-jennies, and  the  filling behind is 
principally  clay from the adjoining ground. 

BRIDGE PIERS.-(Plate 9, Fig. 2.) 

The piers for supporting  the shore ends of the  two bridges are 
alike, and extend 80 feet from the  river  wall ; they consist at  their 
outshore ends of six columns, sunk about 14 feet  into  the fore- 
shore,  composed of cast-iron cylinders, 5 feet in diameter by l$ inch 
thick above the foreshore level, and 6 feet G inches in diameter, by 
12 inch  thick below, put  together in 5-feet lengths. A taper 
length, also 5 feet  long by 13 inch  thick, connects the upper and 
lower lengths of the column. The ends of all  the cylindens are 
machine-faced, and  are connected together by bolts 1, inch  in 
diameter, through  internal flanges supported by brackets. After 
erection these columns were filled with Portland cement concrete. 
The caps to  the columns have brackets, on to which are bolted 
heavy  strut castings. These struts  are of a box  form, 2 feet deep, 
and  the same width  as  the wrought-iron  girders which rest upon 
them, and which communicate the  pull of the  stage  to  the 
anchorages. 

The  six columns in each pier-head are bound together a t  24 fee% 
above datum, and connected with  the  river wall, by  three  lines of 
wrought-iron double-web girders,  all 3 feet deep. The centre 
girder is 3 feet, and  the outer ones are 2 feet wide, and  they  are 
attached to bed-plates on the  wall  as previously described. They 
are stiffened by single-web cross-girders at  intervals of about 
15 feet, and  by  two box-girders over the columns. 

Midway between each pier-head and  the  river wall, the main 
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girders  are  supported by cast-iron columns, 18 inches in diameter, 
similar to  those for the high-level  pier,  and braced in  the same 
manner. 

On the tops of these  wrought-iron  box-girders,  plates ,%-inch 
thick,  with corrugations 5 inches deep and 16  inches from centre 
t o  centre,  are laid;  the ends  overhang the outer  girder t o  take  a 
fascia plate. They  are riveted to  the girders in each furrow,  and 
t o  each other at  all laps, with  rivets 2 inch in diameter  and 3 inches 
pitch. Down the  centre of the south, or  goods' bridge  pier,  a  cart- 
track  is formed similar to  those on the high-level pier, except that 
there  are no raih for wagon traffic. The remainder of the surface 
of the pier,  and also that on the  north, or passenger bridge  pier, 
under  the station, is ballasted t o  a  depth of 2 inches over the 
ridges of the corrugated  plates with  Portland cement concrete, 
upon which  Brunswick rock asphalt 1 inch  thick  is  laid. 

On the outer  side of each pier-head a  cast-iron  entablature, 
4 feet 3 inches  high, is fixed;  and on the outer  side of the south 
bridge  pier,  a fence similar t o  that on the high-level  pier is carried 
from the entablature  to the fence wall on the quay. 

HIGH-LEVEL PIER.-(Plate 9, Figs. 2, 8, 9 ; and  Plate 10, Figs. 
10 to 12.) 

The high-level  pier,  for cart  and horse  and wagon traffic, 
extending from the  river wall to  the inshore  side of the landing- 
stage,  is  midway  between the bridge  piers, and  is formed at its 
outer  end of four columns, 5 feet in diameter,  sunk  about 12 feet 
6 inches  into the foreshore, similar to those for the bridge  piers, 
except that  there  are no strut castings between the column heads, 
and that each  cylinder length has  a  bracket  cast on it, t o  which 
are bolted in 10-feet lengths  the cast-iron  vertical  guides  for lift 
platforms.  There  are also two  intermediate columns,.  composed of 
cylinders 2 feet 6 inches in diameter  and 1 inch  thick above the sur- 
face of the foreshore, and 4 feet in diameter  and l& inch  thick below, 
in 5-feet  lengths,  with  a  taper-piece 1 foot long, 1) inch thkk, 
connecting the upper  and lower lengths, also having  brackets 
5 feet apart  for  an  attachment for the  vertical guides. The outer 
three columns, in addition to  the  vertical guides,  have  radial 
guides  fastened t o  them in  the same manner.  These columns are 
also all filled with Portland  cement concrete. 

The tops of the columns are connected together  by  wrought-iron 
double-web girders 3 feet deep and 2 feet  wide,  except at  the 
landing-stage  side,  which is  left open to allow the wagons, etc., 
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t o  be taken off when the stage  approaches the level of the roadway 
on the pier.  The  roadway of the pier  between the columns and 
the  river wall  is  supported by  three lines of wrought-iron  single- 
web plate  girders, 10 feet apart from centre to centre,  and 3 feet 
deep, with flanges 15 inches wide, connected by cross-girders formed 
of a web plate  and double angle-irons, in line  with each transverse 
row of columns. 

The main girders  are  supported at intervals of 29 feet 3 inches 
by cast-iron columns, 18 inchesin diameter by 1 inch  thick, cast in 
four pieces. The bottom lengths,  which  are  sunk  about 6 feet into 
t,he  clay of the foreshore, have screw blades at  the bottom, and 
sockets at  the top  into  which  the  next  lengths  are inserted,  having 
no fla,nge on their lower ends. They,  and  the  upper  lengths,  are 
bolted  together  through machine-faced flanges. The caps, with a 
3-feet length of bearing  for the girders, sit on a machined shoulder 
on the upper  length.  These,  and  all  the  other  18-inch columns, 
are braced with channel  irons  attached to brackets cast on the 
columns, and were filled with  Portland cement  concrete  up to 
1 foot above the  0ange  joint, or 10 feet above datum, before the 
caps were put  in place. At  their landward  ends the roadway 
girders  rest upon and  are  secured  to  the  cast-iron  wall-plates. 

On the tops of the  girders corrugated  plates, of the same dimen- 
sions as those for the bridge  piers, are riveted in two  lengths  in 
the  width of the pier deck, having  a  butt-joint made on the 
centre  girder. The ends  overhang the outer  girders  and form a 
footwalk on each  side, t o  which  cast-iron  cantilevers  are  carried  up 
from each column head. . The extreme  width of the pier deck is 
29 feet. Upon these  plates, at 4 feet 8k inches  gauge,  a  double 
line of bridge  rails,  weighing 60 lbs. t o  the yard, is laid  along the 
whole length of the pier,  riveted  to each corrugation with ;-inch 
rivets, Cast-iron wheel-guards,  standing 4 inches above the deck, 
are bolted at  the sides of each cart track.  The  remainder of the  sur- 
face is formed of greenheart  timber 3 inches  thick,  in  &inch  widths, 
running longitudinally,  laid close and secured to  the corrugated 
plates a t  every  fourth  corrugation  with  galvanised deck bolts, 
g inch  in diameter, and afterwards  caulked. A horse  track,  4  feet 
wide, is formed in  the centre of each line of rails  with  greenheart 
sheathing 1: inch  thick,  in 4-inch widths,  laid  transversely  and 
secured t o  the planking  with galvanised  ragged  spikes. The 
wheel tracks  are  served  with  flat  bars of wrought  iron, 3 inches 
by + inch  thick.  Scupper holes are  left iu the deck l 2  feet 
apart. 

A oast-iron entablature is fixed a t  each side of the pier-head, 
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and a standard  carrying  three lamps is mounted over each 5-feet 
cdumn.  From  this  entablature, down each side of the pier, a 
i’ence 3 feet 9 inches high is formed of cast-iron standards, 5 feet 
10 inches apart,  carrying  three  rails,  the  top  rail  being of strong 
steam pipe, 24 inches in diameter ; the  two  others  are solid wrought- 
iron bars, 14 inch  in diameter. Lamps, with copper frames fixed 
on standards  immediately over each 18-inch column, are incor- 
porated with,  and form part of the fence, the top rail of which is 
used as  the gas-scrvice to  the lamps. 

PROTECTING CPLINDERS FOR HYDRAULIC LIFT CYLINDERS.-(Pk%te 9, 
Fig. 8.) 

The  two protecting  cylinders in  the centre of each line of rails, 
which are 12  feet 3 inches apart,  and midway between the  centres 
of the 5-feet columns at the high-level pier-head, forming wells 
in which the  two  ram cylinders for working the platform lifts  are 
placed, are 5 feet in  external diameter, in 5-feet lengths  by la inch 
thick.  They  are  sunk  to a depth of 50 feet 8 inches and 53 feet 
8 inches respectively below datum,  or 40 feet 2 inches  and 43 feet 
2 inches below the river-bed. The bottom of each cylinder is 
filled with  strong  Portland cement concrete, upon which the bed- 
plates for the ram  cylinders were solidly bedded  before it had set. 
The top  lengths,  which  are  about  low-water level, are 1 foot  deep, 
and  have a stuffing-box with gland, through which the rams 
attached  to  the  lifts pass, and  are made watertight  with gasket- 
packing. 

Manways, 3 feet by 2 feet 6 inches, are  left  in  the top 5-feet 
lengths of the cylinders, immediately under  the  lengths  carrying 
the stuffing-boxes, and access is obtained from the surface of the 
pier  by a cast-iron column 2 feet 6 inches in diameter, 1 inch 
thick,  in 5-feet lengths,  which  terminates in  an oblong cast-iron 
tube 3 feet 6 inches by 2 feet 6 inches by I+ inch  thick,  leading 
to  the  protecting  cylinders,  and bolted at the ends through flanges 
to  the manway openings; these  have  similar flanges, and  thc 
joints  are caulked with  rust cement. The  top  length has a 
hinged door of wrought  iron, allowing access to t.he ladder,  which 
is secured to  the  inside of the tube,  and extends down to  the 
connecting piece. 

HYDRAULIC LIFTS.-(Plate 9, Figs. 2 ,  8, 9.) 

The rams and ram-cylinders for actuating  the  two platforms are 
of cast iron. The former are 40 feet  long, each with a square 
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head  and  flange  to fit into the centre  cross-girder of the platform, 
and  cast on end in one piece ; they  are 14 inches in diameter,  and 
allow of a maximum stroke of 32 feet 9 inches,  which  is  about 
14 inch more than  the distance from the level of the roadway of 
the pier t o  the level of the deck of the landing-stage at  the lowest 
tide.  The ram-cylinders  were  cast in two  lengths,  and.  are  bolted 
together  through flanges, and  erected upon the cast-iron bedplates, 
4 feet in diameter, in  the protecting  cylinders. 

Each platform,  which is 23 feet  long by 9 feet 0 inches  wide 
over the guide blocks, is composed of two  wrought-iron solid web- 
girders  longitudinally, formed of plates  and  angle-irons stiffened 
with T-irons, connected transversely  by  seven solid web-girders, 
also of wrought  iron.  The  centre  cross-girder  is of varying  depth, 
to allow the  full  stroke over the top of the  protecting cylinder, 
and  has double webs, between  which the ram-head  is secured. 
Guide blocks of cast-iron are bolted to  the  top and bottom of 
each  end of each  side  girder,  and  work within  the  vertical 
guides. 

Each  lift platform  carries  a movable floor 28 feet  long by 
8 feet 5 inches wide, capable of motion in  the direction of its 
length, composed of two  solid  web-girders 12  inches deep, stiffened 
with single-web  cross-girders 4 feet  apart. 

In  order to afford the necessary  connection  between the landing- 
stage  and  the platform in  the  varying positions they occupy at 
the different  tide-levels,  and  to avoid the use of movable gangways, 
the  two  longitudinal  girders of the movable floors are  prolonged 
5 feet beyond the  lift platform,  and  have secured t o  them  cast-iron 
guide blocks, fixed on the ends of a  through  shaft of wrought-iron, 
which  work within  the cast-iron  radial  guides, whose curvature 
has the same radius  as the span of the bridges  which connect the 
landing-stage  with  the piers.  Rubbing pieces of cast  iron  are 
fixed between the platform lift  and  the movable floor. A line of 
bridge  rails  is  laid upon the longitudinal  girders of each movable 
roadway,  and the roadways  are  similar t o  that on the high-level 
pier;  the  outer sides of the cast-iron  kerbs to  the  cart-track bear 
against  cmt-iron blocks bolted to  the insides of the platform 
girders. 

The  lifts  are controlled by valves of gun-metal placed in a hut 
on the.pier-head  adjacent.  The  ram-cylinders  are also connected 
together, so that advantage  can  be  taken of a descending load. 
And in order that  they shall  not  overrun  their  stroke,  automatic 
check gear is fitted  to  each lift to control the  varying  stroke 
between the pier  and the landing-stage at  any  state of the tide. 
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A wrought-iron  square bar  laid along the deck of the lift inside 
the cast-iron  kerb is pushed  back by a roller on the stage  when 
the l if t  gets  to  the bottom of its stroke,  causing it to shorten  a 
chain  which is  attached  by  levers to  the valve-handle,  thereby 
closing the  exhaust  valve; when the platform  reaches the top of' 
its stroke it strikes  against  a  lever  which  shuts off the pressure. 
The  longitudinal  travel of the movable roadway  between the level 
of the pier deck and  the landing-stage deck a t  lowest  tide is 
3 feet 1 inch,  being  the distance  which the landing-stage is  drawn 
in  by  the bridges.  Two  bolts are projected into  the inshore  end 
of each movable roadway as soon as it arrives at   the top of its 
stroke, to  take  the  jar of heavy  weights  passing on and off the 
platforms ; the levers for working the bolts lock the levers of the 
valves. 

PL-4TFOKMS  BETWEEN THE PIERS.-(Phte 9, Fig. 2, and  Plate 10, 
Figs. 10 to 12.) 

The high-level  pier  and the bridge  piers  are connected together 
and formed into  a solid platform to a  distance from the river  wall 
equal t o  the  length of the  latter.  The floor of the platforms is 
composed of asphalt upon Portland cement concrete, laid on 
wrought-iron  corrugated  plates in  the same way as on the  bridge 
piers,  and is carried by three  lines of wrought-iron  single solid 
web-girders, 13 feet 54 inches from centre  to  centre, stiffened with 
single web cross-girders over the 18-inch  supporting columns, 
which are  like  those in  the high-level  pier. The inshore  ends of 
the girders  rest on cast-iron  plates on the river wall. A guard 
fence, similar  to that on the high-level  pier, is fixed on the  river 
side,  and  a  cast-iron fascia plate is bolted on the outer  girder. 

Weight of the  Floor per  square  yard. 

Brunswick rock asphalt,  1  inch  thick . . . . 
Portland  cement  concrete, 2 inches over the  plates 
Wrought-iron  corrugated plates, ,$ inch  thick . 

lb. ; . 112.50 . 425.25 . 162'25 

700-00 - 
ERECTION OF THE P I ~ S  AND PLATFORMS. 

For  the erection of the piers a temporary  timber staging  was 
constructed of sawn  pitch-pine. It extended over all  the columns 
except the inshore row, for putting in which  half  balks  were 
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thrown across  from the  staging  to  the  river wall. Piles  10 inches 
to 12  inches square  (which formed the lower part of the  uprights), 
having cast-iron shoes of 24 lbs. weight, were driven, a t  intervals 
,of l 5  feet, about 6 feet  into  the ground by  an ordinary  derrick 
machine, mounted upon a river-flat dismasted and covered with 
a rectangular platform for this purpose. The monkey, which  was 
wound up  by hand, weighed 1 7  cwt., and  the average fall was 
,about 15 feet, when one  blow was delivered in  two minutes, with 
.six men at  the winch. At a depth of 5 feet the  piles  went down 
12 inch per blow. The  flat was grounded for working, and two 
piles were driven  per  tide, and  the whole number were put  in  in 
two months. The  bracing of half balks was fixed with  l-inch 
%ohs  and #-inch  dogs. At a level of 31 feet 6 inches above  Old 
Dock Sill, a deck was formed of 3-inch planks on half-balk joists, 
and on this were laid  two  lines of rails, of 4 feet S& inches gauge, 
one down the  centre of the high-level  pier, and  the other at  right 
angles  to  this  and  extending between the  two  bridge piers. At 
their  intersection  the  lines were connected by a turntable, a i d  
were used by a steam crane and a few lorries. After the columns 
had been erected and filled with concrete, the  staging was cut 
down to 23 feet above datum for convenience in erecting  the 
girders. 

The engineer had designed the 18-inch columns to  stand on an 
enlarged base, which  was to be planted in  the ground, a hole 
being dug  out for this purpose. The contractors, however, hoping 
to be more independent of the tide, preferred the use of screw 
piles, and  after a warning from the engineer of the unnecessary 
difficulties they were about voluntarily  to encounter, they were 
allowed to have their own way. I n  view of the  strong  run of the 
tide,  and its consequent great scouring action at  this  part of the 
river,  the piles were sunk  to  an average depth of 5 feet 3 inches 
into  the  clay,  or 6 feet 3 inches into  the foreshore. A greater 
depth  than this would have been impracticable with  the method 
of sinking adopted, and, all  things considered, was unnecessary. 

Several designspf piles having been experimented with  in  the 
course of the work, it will be convenient to enumerate them in 
order. NO. 1 pile  was a plain hollow cylinder, 18 inches external 
diameter, and of metal 1) inch  thick,  terminating at  its upper  end 
(as in  all  the  other designs) in a socket for the reception of the 
upper portion of the column; a t  its lower end it finished in a sharp 
cutting edge formed by  splaying off the outside. Cast in a piece 
with  this was the screw blade, 3 feet 6 inches in diameter by 
2& inches thick at  the base, tapering  to 6 inch at  the periphery. 
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There was one  complete turn  to  this section, the blade then 
gradually  dying out. The dimensions were :- 

Feet. Inches. 
Lengthof  pile. . . . . . . . . . .  9 3 
Length of socket . . . . . . . . . .  1 5 
Diameter of screw . . . . . . . . . .  3 6 
Pitch of screw . . . . . . . . . . .  0 7 

Weight . . . . . . . . . . . . .  2,660 
lb. 

No. 2 was in  all respects similar  to No. 1, except that  the bottom 
of the  barrel was formed into four teeth, 3 inches deep. In No. 3 
was another modification of the bottom, the end  being closed with 
a loose auger point 2 feet 9 inches long In No. 4 a new principle 
was  introduced, the pile being cast with a taper inside, so that. 
the clay might pass freely up as  the pile  was screwed in. In other 
respects it was like KO. 2.  The only difference between No. 4 and 
No. 5 was that  the  latter had the edge of the screw blade serrated, 
so as  to resemble a circular saw with  gigantic  teeth.  The  diameter 
of .the screw-blade was in No. 6 reduced to 2 feet 10 inches. There 
were two blades a t  10 inches  pitch, each extending  to about one- 
third of a circle. In No. 7 the blades were increased to half a 
turn each. Otherwise this  and No. 6 were alike. Three  altera- 
tions  were  introduced in No. 8. The diameter of the blades was. 
reduced to 2 feet 6 inches, the pitch was increased to 18 inches, 
and  the end, being  left open, was  fitted  with an auger point 104 
inches long, cast separate, riveted on and run with lead. The 
pitch was again reduced to 10 inches in No. 9, which was other- 
wise similar to No. 8. Practically No. 10 was  similar  to No. 9, the 
only difference being that  the  pitch of the former was 9 inches 
instead of 10 inches. 

The capstan first used  consisted of ten hickory bars of 44 inchea 
by 4 inches section shod at  their  outer ends with deeply grooved 
castings  to  take  the rope, and connected at  the centre by a cast- 
iron body which  fitted  inside the socket of the pile, and  was 
prevented from turning  in it by  two steel pins l# inch  in diameter, 
placed at  right angles to each other and  running completely 
through. The diameter of the capstan  was 18 feet. To assist in 
distributing  the  strain evenly over the bars, the shoes  =-ere 
connected together by  light chains. These bars proved  too weak 
for the work, and a new  set  had  to be provided. They were made 
tapering from 6 inches by 6 inches to 5 inches by 5 inches; the 
proportionate strength of the old to  the new thus being as 3 to 8. 
The diameter of the capstan was kept  at 18 feet,  that of the body 
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being 3 feet G inches. This second capstan stood perfectly up  to 
the end of the work. 

A 4-inch hemp rope was at first used for turning  the capstan, 
but  after  having  several times  parted, a 6-inch rope was sub- 
stituted for it. 

The crabs could be worked with  either  single or double pur- 
chase. In  the former case the  throw of the crank-handle was  32 
inches ; the pinion had  twelve teeth  in gear with a spur wheel with 
seventy-eight teeth on the  barrel  shaft ; the diameter of the  barrel 

was 7 inches. The  strain on the rope was thus 7 = 29 7, or 

say  thirty times the pow-er put  into  the handIes. Taking  the force 
exerted by one man at  the moderate amount of 20 lbs., this makes 
for each crab  driven by  the usual  number of five men a total  pull 
of 3,000 lbs., which, acting 9 feet from the  centre of the pile, gives 
a twisting moment of 12.2 foot-tons,  or  for the tu-o crabs 24.4 
foot-tons. This  stress  was of course often largely exceeded. The 
double purchase of a little over five times the single, was only used 
in extreme cases. On one  occasion, only one pin having been put 
in €or turning  the pile, it was shorn through  in  two places a t  once. 
The  pin being of steel,  and l+ inch  in diameter, this,  taking  the 
shearing  strength  at 30 tons per  square  inch, represents a force of 
.go tons, acting  at 10 inches from the  centre,  or 84- tons at  the ends 
of the capstan bars, equal to a moment of 75 foot-tons. 

Work  was commenced on the  17th of April, 1877, a makeshift 
guide  being used consisting of two whole balk-uprights connected 
by a transverse beam to which the pile was held by a timber  cap 
bolted on with distance pieces between. The  two crabs were 
placed on the beach, and lashed down to heavy  stakes a t  opposite 
sides of the pile. The design of pile  was No. 1. With  this 
pile commenced a series of troubles destined to  last over many 
months. It soon  became evident that  to  attempt  to screw it 
into  the solid clay was a hopeless task. As a foretaste, also,  of 
what would have to be provided against, one morning the men 
arriving on the ground discovered that  the timber  uprights,  which e 

reached down, through 18 inches of sand, 3 feet  into  the clay, 
had been  washed out  and  carried  away  by the tide; the pile 
being  left  prostrate on the beach. At a depth of 2 feet 6 inches in 
the clay, the pile refused to go down, although  there was no 
difficulty in  turning it. It being supposed that  the obstruction 
must be a large boulder, a pointed bar was driven down inside the 
pile as far as it would gb, and  then worked about until loose, and 
when dropped to  the bottom the sound of stone was clearly audible. 

32 X 78 
4 X 12 
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The pile was then  dug out and  the boulder vainly looked  for in  the 
excavation. On examining the pile, however, the obstruction was 
discovered; the bottom being solidly plugged up  with clay so hard 
and firmly wedged in  that it could only be  cleared out  with picks. 
Embedded in  this was the ‘L boulder,” about the size of a cricket- 
ball,  with  marks of tbe pointed bar upon it. The pile had been 
loaded with between 5 and 6 tons of pig-iron whilst being rotated. 
A slightly modified  form of pile, No. 2, was next placed in  the hole 
from  which No. 1 had been dug out. After a great deal of trouble, 
and increasing the load on the top to 8 tons, a total  depth  into  the 
clay of 5 feet 3 inches  was reached, the pile having gone in  the 
last  eight  turns  only 18 inch or -& inch  per revolution. It was 
now necessary to miser out the core of clay left  standing inside the 
pile. After between two and  three tides’ work this was done, and 
the pile screwed down to  the required  depth. Removing the 
clay in  this  way was very tedious work ; two men could do little 
more than scrape it out;  the  thin shavings brought  up being 
hardly  thicker  than paper. A trial was next made with a solid- 
point pile, No. 3. This, however, was soon given up  as a failure, 
and another pile put  in its place. No. 4 worked better  than  the 
previous ones; but  this  is  all  that can be said for it. When it 
had been got down, this  part of the work was suspended 
pending the erection of the temporary  timber  staging. On its 
completion, the piles were screwed from the  staging deck SO 
as to render the work as independent as possible of the tide. 
Special  screwing pieces had, of course, to be cast. They were 
first made 18 inches in external diameter and of l-inch metal 
in the  barrel, being reduced at  the lower end to 16 inches 
in  diameter with l$-inch metal. Two  such lengths were fitted 
together  as a continuous column 18 inches in diameter without 
projection of any  kind  to be in  the way of the guides. To prevent 
rotation  at  the  joint,  the socket end of the lower length had  two 
internal  lugs  fitting  into corresponding recesses in  the spigot of 
the upper piece. Inside  the upper of these  two lengths was a 
third one capable of adjustment as  to level by holes, through 
which steel pins were passed to form the connection at  the required 
height.  Thus  the capstan head could always be kept a t  a con- 
venient level for working. Lugs, instead of pins, were used for 
attaching  the pile to  the screwing piece, as it was  not then neces- 
sary  to  wait for low water  to disconnect them. These first screw- 
ing pieces proved too weak ; they shivered at  all  the joints, from 
bottom to top, over the first pile on which they were tried. A 
second set was then cast of the following  dimensions  :-Diameter 
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of barrel 18 inches, thickness of metal 14 inch,  diameter of the 
spigot 159 inches, thickness of metal 2 inches. 

The  attempt  to screw piles into  the solid clay  proving tedious 
work, it was  determined to  have recourse to  blasting,  and on the 
23rd of November,  1877, the first  shot  was fired. The charge  was 
2 lbs. of powder  lodged 6 feet  into the clay. The effect  of this 
small shot was  not much;  the  tamping was blown out  and  the 
ground slightly shaken. The  next  day  another shot of 33 lbs. of 
powder was fired on the  site of another pile with  better results. 
A day  or  two  afterwards a pile was  pitched and  the work of 
screwing begun. The pile had a double thread at  10 inches pitch, 
and  went down in  the first turn 148 inches. The  cut  then  steadily 
diminished till, a t  3 feet l O +  inches in the ground, or about 2 feet 
6 inches in  the clay, it refused to go any lower although  there was 
no difficulty in  turning it. The  next morning a couple of cast-iron 
cylinders, 6 feet 6 inches in diameter by 5 feet long, and  weighing 
nearly 3 tons each, were put on the  top of the capstan. They  had 
the effect  of making the pile bite a t  once and go in 7 inches per 
revolution. One of the cylinders  was then removed, reducing the 
cut  to 5 inches. The second cylinder  was after a few turns  taken 
off to ease the  tackle, on which there was a great stress. The  cut 
then  gradually decreased to l& inch as the pile reached the 
required  depth,  going very stiffly. This was the first pile got 
down without misering  out the core.  One  more attempt was made 
to do without  blasting  with a pile of No. 8 design with  the follow- 
ing  result :-After penetrating  the sand and  gravel it went  into 
the clay  for three revolutions at  the uniform rate of 84 inches per 
revolution. It was then  left  until  the  next day, when it went 
down 12 inches in one turn,  at which  point the  driving  lugs were 
carried  away.  This  damage  having been repaired, on again 
attempting  to  turn  the  pile it broke in two, twisting off through 
the  lug rivet-holes. After this experience blasting was regularly 
employed, the charge  being 5 lbs. per shot, and one shot  to each 
pile. With  this assistance the piles were all  got down, and  by  the 
end of April, 1878, twelve  months after  the first pile was pitched, 
the whole forty-two were in place. Altogether four piles were 
broken whilst being screwed in. 

On the 27th of September, 1877, the cylinder sinking was 
begun. The twelve  cylinders in the bridge  piers presented no 
particular difficulties, as the foreshore a t  those points was fre- 
quently  left  by  the  tide for from two  to four hours at  a time. 
They were 6 feet 8 inches in extreme  diameter for a height of 6 
inches from the bottom to leave clearance for sinking,  and finished 
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with a cutting edge. These  cylinders were sunk  to  an average 
depth of 14 feet into  the foreshore, or 13 feet  into the clay. When 
the  gravel  and sand on the surface had been penetrated the 
cylinder soon made a watertight  joint  with  the  clay;  after it had 
entered this  stratum about 5 feet, work could generally  be con- 
tinued at  all states of the tide.  The  gang a t  each cylinder consisted 
of four men.  Once or twice, however, the  tide found its way in 
after  all was supposed to be tight.  The  site of the high-level 
pier cylinders, however, seldom or never dried, and it was 
found necessary to  have recourse to air-pressure t o  exclude the 
water. A cast-iron plate 8 feet  square by 24 inches thick,  weighing 
50 cwt., having been faced up on the lathe, was bolted on thc 
top of the cylinder  to be sunk,  the  joint being made with red 
lead, and was loaded with pig-iron. I n  this  plate  the air-lock was 
fitted. The air-pumps  had  two  cylinders 12 inchesin diameter by 
18 inches stroke, side by side in a cast-iron tank,  through which a 
stream of cold water was kept  running when the pumps were at  work. 
The average speed was twenty-four revolutions per minute. The 
suction  and  delivery  pipes  were  both 3 inches in diameter. Tho 
power was taken  through a belt from a portable steam-engine 
and boiler combined. The engine had one cylinder 8 inches in 
diameter  by 98 inches stroke, and  ran a t  a speed of eighty revolu- 
tions  per  minute. A pressure of from 75 lbs. t o  80 lbs. per  square 
inch  in  the boiler could maintain an air-pressure of 30 lbs. per 
square inch, this being greater  than was required, except in  the 
case of the two  protecting  cylinders for the hydraulic-lift  cylinders 
im which a maximum of 36 lbs. per  square  inch was reached. The 
spoil  was  hauled up by a  small hand-winch fixed on top of the air- 
lock plate, with a  wire rope running  through a stuffing-box. 
Three men were engaged inside at  a time,  two getting and  filling, 
and one man above t o  pass the buckets t,hrough the air-lock. The 
capacity of the buckets was 3 cubic feet. No special difficulties 
were encountered in sinking  the pier-cylinders, the air-pressure 
being moderate and the clay  being  a comparatively easy material 
to deal  with.  But  the protecting  cylinders for the hydraulic-lift 
cylinders gave considerable trouble ; not only was the  depth much 
greater, necessitating a correspondingly increased air-pressure, but 
the clay was soon left,  and,  after passing through  a bed of sand 
5 feet 6 inches  thick, the solid sandstone rock was encountered 
and  had t o  be sunk  through for about 20 feet. Under the circum- 
stances  blasting  was inadmissible, and the rock had t o  be excavated 
with picks, wedges, and hammers ; and  this, partly owing to the 
cramped space, was slow work, though  kept at continuously night 
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and day,  which was not the case while sinking  through clay. 
Another cause of delay in thesc deep cylinders  was the necessity o f  
letting off the  air-pressure periodically to enable the  weight o f  
the cylinders, &C., to overcome the  external  friction,  and follow 
down after  the excavation. The  day was divided into  six  shifts 
of four  hours each ; the same men working two, or  eight hours per 
clay. 

RATE of SIXKING CYLIXDERS at the HIGH-LEVEL PIER-HEAD from May to 
-4ugust 1878. 

sunk Marneter Number 
of Ex- of days 

through. 1 cavation. I worked. 

Clay . . 
79 

7 

9, 

Rock . . , 
>* i 

Ft. In. 1 

4 
5 " 2  ~ 16 

,, 19 

Distance 
sunk. 

Ft. In. 
16 0 
15 0 
6 6  
9 2  
9 6  

13 G 

~ ~~ 

Sunk per day. I Cublc yards. 

Daywork. €'ipcerork.l ':;:Ft 1 Per day. 
l 

I , 
Average in Clay,  ordinary  day work . . . . . . . . . . 

0'50' Average in Red Sandstone, working night and day . . . . . 
1.64 

The south  protecting  cylinder ha.s been put down to 53 feet, 
8 inches below datum, or 20 feet 10 inches into  the rock, and t h e  
north protecting  cylinder 3 feet short of this.  The  two  outer 
columns, 5 feet in diameter,  stop at 29 feet 6 inches, and  the  two 
smaller ones at 22 feet 6 inches, below datum. In the cylinders 
4 feet in diameter, only one man could work at a time;  in  the 
other cases, two men were down at  once. From  the  last column 
of the above Table, it will be seen that on an average the  clay 
was got out rather more than  six times as fast as the rock. A 
section of the  strata met with in sinking  the protecting cylinders. 
is shown in  Plate 9, Fig. 8. For  sinking them, the upper lengths. 
of some of the bridge-pier columns were made use of to  continue 
them up  to  the  staging deck.  One slight mishap occurred in 
connection with this work. On the 28th of August, 1878, the  
south protecting cylinder, which  had stuck  fast for about twenty- 
four hours, although relieved of the counteracting air-pressure, 
suddenly dropped about 8 inches, on to  the bottom of the exca- 
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vation, the sides of which  had been carefully trimmed round 
in endeavours to  get  the cylinder dpwn. The shock consequent 
on this  slip broke the air-lock plate  into pieces, which, together 
with  the pig-iron weight on the top, tumbled on to  the deck of 
the  staging,  breaking some of the 3-inch planks. A delay of 
about a week was occasioned, while a new air-lock plate  was  being 
prepared. The supporting  cylinders are filled with  Portland 
cement concrete,  composed of  8 parts  by measure of shingle and 
gravel  to l part of cement. The bottoms of the protecting 
cylinders are also stopped with  the same materials, the  first foot 
in  depth being 1 part of shingle to 1 of cement, and  the remainder 
about 3 parts of shingle to 1 part of  cement. The  air-pressure 
was kept on for a couple of days, to prevent water working up 
through  the concrete  before it had set. For convenience in  putting 
in  the connecting piece between the protecting cylinders, as also 
the hydraulic-lift  cylinders  and rams, and  the covers to  the pro- 
tecting cylinders, a cofferdam,  20 feet by 7 feet 6 inches inside, was 
formed by  driving 6-inch sheeting piles and  tipping clay round 
the outside. The  top of this cofferdam was at  a level of 1 foot 
below  Old  Dock Sill. 

The  pier  girders were put together in  the  yard  in  the same 
relative position as  they now  occupy, and were riveted in lengths 
of about 28 feet, €or conveyance by  rail  to  the site, where the 
girders for the bridge piers and platforms were riveted up on 
the river  wall for their whole length of about 80 feet,  and  their 
outer ends launched on to  the main staging over a trussed  plat- 
form, and  then placed in  their respective positions on the caps. 
When  the girders  were  got on to  the caps, and  the cross-girders 
secured in place, the corrugated  plates were riveted on them. 
After the timber roadways on the goods and high-level piers 
were put down, the  Portland cement concrete was  laid on the 
plates. The  asphalt was not laid  until  the buildings were erected, 
when it was put down in  strips of 24 feet by 6 feet, or  144  square 
feet a t  one  time. 

DREDGING. 

The dredging, to provide a minimum depth of water of 6 feet on 
the site of the landing-stage, though only 7,000 cubic yards, 
required considerable time  and patience. This was owing to 
exceptionally rough weather. Work was begun on the  9th of 
September, 1878, a large centre-ladder dredger having been hired 
from the Clyde Trustees for the purpose. .As the dredged spoil 
was to be deposited behind the new river wall, two steam cranes 
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were  erected  thereon to discharge the loaded flats. To  save the 
labour of filling  skips  by  hand,  the  contractor  attempted, in  the 
first  instance, t o  fill wagon-bodies  on punts  directly from the 
dredger. The  punts having been towed up  to the cranes, the 
wagon-bodies were lifted  up  and placed upon their wheels, and at 
once tipped. This method, however, was not  satisfactory.  The 
wagons, being of only 2 cubic yards  capacity,  and  there  being  only 
room for two wagons on each punt,  time was wasted ; the  punts 
also were far too light for the river.  This  arrangement,  therefore, 
was soon condemned, and  ordinary  river  flats, dismasted for the 
purpose,  were used for  conveying the spoil. Six punts were 
brought  round from Glasgow with  the dredger,  and  when  not in 
use were kept moored alongside the  river wall. Six  days after 
their  arrival it came  on to  blow, and the  punts were badly knocked 
about.  They  were moored two  abreast,  and  lashed  end to  end 
with #-inch  chains  round  two  bollards on each punt.  Several of 
these  chains  snapped, and it was with difficulty the  punts were 
saved from breaking  away. One wagon-body was washed off and 
lost, one punt received so much damage as not  to be worth  return- 
ing to  the Clyde, and the remainder  were all injured.  This,  as it 
turned  out  afterwards, was not of much importance,  as the five 
punts and the dredger's  boats  were  lost on the way back t o  the 
Clyde. On the  15th of September, or three days after  the above 
experience,  a punt broke  away in  the night,  and  drifting  against 
the goods bridge  pier, knocked over two  18-inch columns which 
were  standing in place, being  temporarily  held in position pending 
the launching of the girders on t o  them. Jmmediately after  this 
the  punts were superseded. 

During  spring-tides no work could be done, as  the time  when 
there  was neithe'r  too much nor too little  depth of water for working 
in was  exceedingly  short,  and  whilst the  tide  ran strongest. 
Altogether the Clyde  dredger was in  the Mersey for one hundred 
and  sixty-seven  working  days, from the  6th of September, 1878, to 
the 21st of March, 1879. Of this time,  owing t o  rough  weather, 
spring-tides,  and  a  short  detention until some  of the temporary 
staging was done with,  her ' engines  were  running  for  only  three 
hundred  hours, or say thirty days. 

Before the  dredging round the columns at  the high-level pier- 
head could be proceeded with, it was necessary that  the  staging- 
piles  should be drawn. Some little difficulty was experienced in 
this operation. A screw flat  belonging  to the Local Board was 
sent down to do the work,  which occupied four weeks. On one 
occasion, having at low water been pinned down to  a  pile at  the 
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bow, by  two +$inch chains, they both snapped without  starting 
the pile. 

As the Clyde dredger  was not able to  take out stuff  close round 
the columns,  some other method of finishing off the work had to 
be adopted. Scraping  was the means first  attempted, a harrow, 
made for the purpose, and hauled  backwards  and forwards by 
steam winches from two floats, being employed. This was found 
to make little impression on the clay, and was abandoned after a 
very  short  trial. Spoons, worked by hand-winches from barges, 
were next  tried,  but proved inadequate for the work. Eventually 
a dredger belonging to  the London and North-Western Xailway 
Company, kept  at Garston, a little  higher  up  the  river  than 
Seacombe, was obtained. This dredger  had a centre ladder, like 
the one  from the Clyde, but placed further forward, so that it 
was able to work in shallow water,  about 10 feet in advance of the 
hull. With  this dredger the work was completed shortly before 
the landing-stage  was  ready to be moored in its place. With both 
dredgers it was necessary, when  working in clay, to keep one or 
two men, with spear-pointed iron bars, constantly watching  the 
buckets as  they came up, and loosening their contents  when 
jammed. If  this precaution was neglected, the buckets  got choked, 
and work had to be stopped whilst they were cleared  out. With 
proper care, little trouble  was experienced  from this cause. 

Immediately on the stage being placed, a diver was sent down to 
remove all large boulders from underneath. In three tides the 
whole site was gone  over, and seven stones were brought up. 

LANDING-STAGE.-(phte 9, Figs. 1, 2, 9 ;  and  Plate 10, Figs. 10, 
to 17, 20, 21.) 

The lnncling-stage is 314 feet G inches long by 82 feet l inch 
broad for 206 feet of this  length, of which 128 feet at  the  northern 
end is appropriated to  the passenger traffic ; and at the southern 
end there  is  an embayment 108 feet 6 inches  long by 25 feet 
8 inches broad for working the goods traffic, which reduces the 
width over that  part  to 56 feet 5 inches. It is floated at an 
average draught of 3 feet 8 inches upon twenty-one pontoons of 
varying  lengths, 10 feet wide by 5 feet 6 inches deep in  the frame, 
placed transversely to  the  length of the  stage ; their outer  plates 
are of wrought  iron t inch  thick, stiffened with angle-iron frames 
2 feet apart. A flooring 8 inches deep,  formed of a plate  and 
reverse angle-iron, is  riveted to every  frame to stiffen the bottoms 
of the pontoons. Each pontoon is divided into  water-tight com- 
partments about 20 feet long, by whole bulkheads, with  an  inter- 
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mediate  half-bulkhead in each compartment. The  longitudinal 
lap-joints  are double riveted. The transverse  butt-joints, on the 
sides  and bottoms, are  single  riveted;  the  joints in the top  plating 
are lapped  and  single riveted;  the  rivets  are $-inch in diameter 
and 23 inches  pitch ; those  securing the plating  to  the frames 
are  inch  in diameter by 6 inches  pitch.  Lugs formed of plates 
bent to a  right  angle  are riveted  to the gunwale  angle-irons  and 
side-plating upon every pontoon, having  a hole in  the horizontal 
flange to  take  the bolts by which the keelsons are secured to  the 
pontoons. Wrought-iron packing-pieces, upon which the keelsons 
rest,  are  riveted  to the top  plating  immediately opposite the lugs. 
A manhole is  provided to each of the compartments. The bottom 
of every pontoon was cemented over the top of all rivet-heads,  and 
to above the  turn of the bilge, with  Portland cement  and  sand in 
the proportion of 1 part of cement to 2 parts of sand. The re- 
mainder of the inside was washed with  three coats of strong  Port- 
land cement. Four lines of double-web girders, 3 feet wide, form 
keelsons on the top of the pontoons;  three of them  extend the 
,entire  length of the landing-stage, the fourth finishes with a 
return  girder a t  the end of the embayment.  There are also  three 
intermediate  lines of wrought-iron  single-web  girders with flanges 
18 inches wide ; two of them  extend the  entire  length of the land- 
ing-stage,  the  third  terminates  at  the embayment. These girders 
vary  in  depth from 3 feet 6 inches at  the sides of the  stage to 
4 feet 3 inches at  the centre, in order to give a camber of 9 inches 
t o  the deck. Provision is made for securing the bridge  joint-bed- 
plates,  and for carrying  the  weight of the bridges at two  points in 
the  length of the landing-stage. In these positions wrought-iron 
girders  are  riveted  to  transverse  box-girders,  which latter  are 
.attached to  the keelsons. 

Upon the tops of the keelsons corrugated  plates &-inch thick, 
having  corrugations 3 inches deep, 12 inches from centre to  centre, 
are riveted  breadthwise t o  the stage.  The keelsons are  built square 
on the top, the corrugated  plates  being packed up  by bevelled bars 
8 inches wide, on the  centre lines of the keelsons, t o  suit  the 
,camber in  the deck. The plates  are  butt-jointed on the centres of 
the keelsons, and  have  two  corrugations in each  plate, with 2 inches 
lap for  riveting,  which  weigh 33.34 lbs. per  lineal foot. 

Upon the top of the corrugated flooring plates a deck of green- 
heart  is laid ; each plank, 6 inches  wide by 3 inches  thick, is bolted 
zigzag as regards the  strakes  to every  fourth  corrugation  with 
galvanised  bolts % inch  in diameter. The planks  are  laid close, 
and  the seams are served with  three  threads of machine-spun 
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sakum and payed. Access to each division between the keelsons is 
obtained  through  hatchways  in  the deck. 

Weight of the Deck per square yard. 

Corrugated plates (with 5 per cent. added) . . . . . 157.5 
Greenheart planking (taken at 70 lbd. per cubic foot). . 157'5 

lbs. 

315.0 - 
Fenders composed of four pieces of American elm, 12 inches 

square in cross-section, bolted together,  are secured to  the posts on 
the outshore  side  and  ends of the landing-stage, in 18-feet lengths, 
by bolts 18 inch  in diameter. They  are supported at  the back by 
vertical posts of greenheart, also 12 inches  square in cross-section, 
spaced 6 feet  apart, bolted at  the front of the  stage to  angle-iron 
l u g s  prepared  for  them on the face of the outermost double-web 
keelson, and at  the ends of the  stage  to  the angle-irons  which 
connect the keelsons together.  These  fender posts are tenoned into 
.a covering board of greenheart  laid  round  the  front  and  ends of 
;the deck platform. A projection  supported upon brackets, formed 
*of wrought-iron  plates  and  angle-irons, is provided midway at  the 
back of the landing-stage to afford  access to  the hydraulic-lift 
platforms.  Cast-iron  bollards  for mooring the  ferry steamers  are 
fixed  along the  front  and  ends of the  stage  about 12 feet  apart. A 
guard fence, composed of two  galvanised  short-link  chains,  sup- 
ported upon wrought-iron  galvanised  stanchions, fixed in cast-iron 
sockets  which  are  let  into  the deck, extends all round the landing- 
stage. Life  chains,  similar  to the guard  chains, are  hung  in 
%estoons underneath  the face fenders. Bridge  rails are laid upon 
the landing-stage deck, 0ush  with  the planking,  leading over a 
:single-road turntable 12 feet in diameter, so that wagon traffic can 
be worked either on to  the deck of suitable  steamers or alongside 
of  them. The  rails over the projection to  the  lifts  are movable, to 
.allow for the up- and down-stream movement of the stage. The 
$ravel  provided  for was 6 inches on each side of the centre 
position,  and  since the  stage was put  in place this  has been the 
maximum travel on very  strong  tides.  The  average  freeboard of 
ithe stage  is 6 feet. 

GANGWAYS.-(Plate 9, Fig. 2 ;  and  Plate 10, Figs. 13, 14, 
15 to 17.) 

TWO gangways  for the passenger traffic are attached to  the out- 
shore side of the landing-stage,  directly opposite the passenger 
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bridge,  and  there are two for goods, fitted for cart  and horse  traffic, 
of which one is opposite the goods bridge, an& the other at   the 
end of the embayment, so as  to form an end-on loading approach 
to  the steamers. These gangways are framed of American oak, 
bolted together with wrought-iron knees ; their  attachment  is  to 
crossheads of wrought  iron, which allow of vertical  and  lateral 
movement. They  are raised and lowered by chains  attached to 
presses  placed horizontally  under the deck of the landing-stage, 
one press for each of the  two passenger gangways, with a ram 
3 inches in diameter, and two presses for each of the two goods 
gangways, with rams 44 inches in diameter, all  with 5 feet 6 inches 
length of stroke. These  rams and cylinders are of cast iron;  the 
lifts  are controlled by  hand  and automatic check gear. The  levers 
for working the power are placed conveniently on  the deck of the 
landing-stage. 

The two passenger gangways are 13 feet  long by 5 feet wide, 
having a handrail on  each  side. The end handrail standards are 
of cast iron, and form the  levers  through which the power  for. , 

lifting  the gangways is applied;  the  rest of the  handrail is of 
wrought iron galvanised. The  battens for the footways are of 
greenheart 1 inch  thick.  Flaps of wrought-iron chequered plate, 
attached to  the  stage end of the gangways, cover the  joints. 

The two goods gangways  are each 12 feet long by 7 feet 6 
inches wide, having roadway planking of greenheart  laid trans- 
versely, with a horse track  in  the  centre formed of greenheart 
hattens; angle-irons are bolted at  the sides for wheel guards. TWO 
cast-iron columns,  fixed  upon the deck of the landing-stage a t  each 
goods gangway, carry sheaves, over which pass the  lifting  and 
lowering chains. These  chains are secured to brackets bolted to 
the sides of the gangways, and work over sheaves on the heads of 
the rams to allow of lateral adjustment of the gangways. These 
gangwaya are also provided with flaps  over the joints. The haul- 
ing chains for the gangways  are all ‘‘ best  best ” short-link crane- 
chain & inch  in diameter. An arch of cast-iron, in which is cut. 
the name of the  ferry, is supported upon  columns at  each passenger 
gangway; upon each arch  are fixed three shadowless lamps. A 
steel fog bell weighing 735 lbs. is hung  in a stand 7 feet 6 inches 
above the deck, near  the middle of the  stage. A fourth order diop- 
tric  light,  by Messrs.  Chance Brothers, with  gas burner, is fixed on 
a cast-iron colunm 20 feet above the deck alongside the fog  bell. 
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LANDISG-STAGE MooRINGs.-(Plate 9, Figs. 1 to 7.) 

The landing-stage is secured in position by 2-inch stud-link 
cables forming cross-bridle moorings, which are fastened to the cast- 
iron posts at  the back of the river  wall ; also by fore and aft 
riding chains  attached in  the centre  line of the &age to  single 
fluke  anchors  weighing 50 cwt.  each,  buried in  the bed of the 
river. 

The chains pass over cast-iron  fairleads bolted on the inshore 
girder of the landing-stage;  they  are  stoppered  with  wrought- 
iron  forged  stoppers  behind  heavy  cast-iron blocks also bolted to 
the girder,  and  tied back with wrought-iron  bars. The bare  ends 
of all  the chains are led below the deck and  shackled  to the top 
flanges of the girders. 

In  the long cross-bridle chains the amount absorbed by the sag 
is 12 per  cent. on the horizontal length between the points of 
attachment,  and  in the short cross-bridle chains it is 2 per  cent. 

BRIDGEs.-(Plate 9, Figs. 1, 2, 9 ; and Plate 10, Figs. 10 to 12, 
and 18 to 25.) 

The  bridge at  the  north side,  appropriated to  passengers, is a 
double  roadway  bridge composed of three wrought-iron  double 
web girders of a fish back-and-belly form (both flanges being 
struck  with a radius of 802-86 feet) 165 feet  long by 13 feet  deep 
at  the centre. The distance  between the centres of the  joint  axles 
is 160 feet,  producing  a  gradient of l in 5 a t  extreme low water. 
The middle  girder is 3 feet  wide,  those at  the sides  are  2  feet,  and 
of proportional sections. Two  arched double-web girders connect 
the main  girders  overhead,  and five single-web  girders connect 
them below the roadways. The roadways,  which are fixed half- 
way up the girders,  have  each a clear width of 10 feet between 
the flanges of the girders,  and  are formed of corrugated  plates of 
the same  dimensions  as those on the landing-stage,  supported by 
angle-irons  riveted t o  the main  girder webs. The webs are well 
tied  together  in the line of the roadways. Upon the corrugated 
plates  greenheart  planks  are  laid of the same dimensions and 
in  the same manner as in  the deck of the stage.  H;mdrails of 
teak 24 inches in diameter,  are  supported at intervals of 6 feet on 
each  side of the roadways by wrought-iron  brackets  attached to 
the webs of the main  girders. 

A roof covers the double roadway of this bridge. It is formed 
of arched  tee-iron  bars 2 feet from centre to centre,  and  rough 
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rolled  curved  plate  glass 2 inch  thick,  and  supported at intervals 
of 6 feet upon cast-iron  brackets of varying  height  to  suit  the 
curve of the top  flange of the girders to which they  are bolted. 
The brackets  are connected at  the top  by  angle-irons to which the 
tee-iron  bars  are bolted, and also cast-iron gutters ; spouts descend 
at the ends of the bridge. The glass  has  a  lap of 4 inches at  the 
horizontal  joints,  and  is bedded in putty on the bars ; it is held in 
place by cappings of American elm notched to fit over the plates, 
which  are also secured by  split pins  through the blade of the tee- 
iron.  The glass at  the sides is  in squares,  about 3 feet wide, 
decreasing in  depth  towards the middle of the girders,  and is 
fitted  into  sashes of pitch  pine. A moulding of pitch  pine  is 
carried on the inside of the gutters,  which covers the angle-irons 
on the tops of the brackets.  Three  lines of flat bars form longi- 
tudinal ties on the tee-iron  bars. The  rough side of the glass is 
put on the inside of the roof. The underside of the ridge of the 
roof is 14 feet above the deck of the bridge.  An  ornamental 
fascia of yellow pine,  painted,  is fixed at  the landing-stage  end of 
the bridge  and covers the end of the roof. 

The south  bridge  is  reserved  for the goods traffic ; it consists of 
two  wrought-iron  girders  each of the dimensions and  shape of 
the middle  girder of the  north bridge,  tied  together at  the top  and 
bottom in  the same manner. The roadway, of longitudinal  pitch 
pine 44 inches by 4 inches, open laid,  is  supported  upon  corru- 
gated plates, of the same dimensions as  those on the piers,  and 
attached  to the webs of the main girders,  similarly t o  those on 
the north bridge.  Greenheart  sheathing,  laid close and  caulked, 
forms the surface, with  a horse and  cart  track  having cast-iron 
guards  ,at  the sides, like  that upon the piers. Outside the main 
girders  footwalks are carried upon tee-iron  cantilevers, G feet 
apart,  riveted  to  the webs and  stiffcners of the girders, upon 
which  pitch  pine 9 inches  by 4 ipches  is secured longitudinally, 
with  greenheart  sheathing, open laid,  for the surface.  Three 
,strong  guard  rails of galvanized  wrought-iron  steam  pipe,  are 
fixed outside of each  footwalk,  supported a t  intervals of 5 feet by 
galvanized m-rought-iron forged  standards. 

Provision is made, in  the attachments of the bridges t o  the 
piers  and  landing-stage for the  lateral and  vertical motion 
.caused l)y the tide, in  the following  manner.  Cast-iron sockets 
are securely  bolted to  the top of the  front  centre column, and  to 
the transverse  box-girders in each bridge-pier,  into  which  are 
fixed  wrought-iron  pivots,  and upon these  wrought-iron crossheads, 
having bearings at each end,  rest  and allow lateral motion. The 
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pivots on the  stage, also carrying crossheads, are fixed in similar 
cast-iron sockets, bolted to  the top of the girders, upon which the 
bridges  rest, Cast-iron saddles are supported by  the bearings a t  
the ends of these crossheads and allow vertical motion. The 
saddles  are bolted into  heavy wrought-iron cross-girders which 
.are riveted up  to  the ends of the bridges. Cast-iron plates  are 
bolted to  the  outer  ends of these  girders  which bear upon similar 
plates upon the pier-heads, and on the  girders on the  stage ; those 
under  the passenger bridge, on the landing-stage, are of cast steel. 
All these  bearings are machined and accurately fitted. 

Flaps of wrought-iron  plates with greenheart  battens, secured 
on the top, cover the spaces between the ends of the bridges and 
the stage  and piers. 

ERECTION OF LANDING-STAGE AND BRIDGEs.-(Plate 10, Figs. 18, 19.) 

Six of the pontoons were built close to  the edge of the dock in 
the contractors’ yard, and were launched into  the dock  from ways 
laid a t  an inclination of 3 inch to  the foot. The remainder 
were put upon bogies and  taken  to a crane, where they were 
lifted  into  the  water  with chain slings. When a single .pontoon 
was moved in  the  water a balk of timber was lashed to each side 
t o  prevent it rolling over. 

The keelsons were put together in the yard, and  the timber was 
fitted  to  the  front keelsons as  they were riveted up, as the timber 
was more easily handled in  the  yard under the  travelling cranes, 
than it would have been after  the keelsons were in place on the 
pontoons. The keelsons were riveted in lengths of about 90 feet, 
taken on bogies, ancl lifted on to pontoons at  the  large crane, men- 
tioned above, which is about & mile from the  yard;  they were 
then floated up  the dock to  the stage, put  in position and 
riveted up. The corrugated  plates were riveted’in place, and  after 
the rails  had been fastened upon them, the timber was laid from 
both sides of the  stage  and from the centre at  the same time. 

The bridges were built  in  the contractors’ yard adjacent to  the 
West  Float for  convenience of launching ; the bottom end of the 
goods  bridge  was flush with  the coping Line of the dock wall, that 
.of the passenger bridge being 32 feet from that line. They were 
built upon timber blocks about 4 feet apart,  and at  the inclination 
with  the horizontal a t  which it was  intended to  lay  the launch- 
ways. They were launched, finished  complete, except the roof 
aver  the passenger bridge, a few of the columns and brackets  only 
for which were bolted in place, upon ways of American  oak laid 
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under each girder  at  an inclination of & inch to  the foot for the 
goods bridge, and 4 inch  to  the foot for the passenger bridge. 
The main girders rested on the ways on pitch  pine  packings  fitted 
carefully  to  the  round of the bottom flanges, in 12-feet lengths, so 
that  they  might  fall clear as  the bridge  was  launched out. The 
ways were supported upon pitch  pine blocks,  placed 4 feet from 
centre to centre, built up to  the required height,  and were shored 
transversely  every 12 feet. The goods bridge,  which  was launched 
first, moved easily on its ways as laid, but  the passenger bridge 
required much more  power to keep it in motion. 

The goods bridge,  weighing 240 tons, was launched, and floated 
to  the site of erection, on two camels ” belonging to  the Mersey 
Docks and  Harbour Board, 7 2  feet long, 15 feet 6 inches bean1 by 
0 feet deep in  the frame, and  two of the pontoons, 80 feet long, 
from the  stage; upon these were placed packings of pitch pine 
npon which the bridge rested. The passenger bridge, weighing 
without  the roof 252 tons, was carried upon two  larger “camels,” 
also belonging to  the Mersey  Docks and  Harbour Board, 72 feet 
long by 25 feet 6 inches beam, by 10 feet 6 inches deep in  the 
frame. Packings of pitch pine balks were built  up on the 
‘‘ camels ’’ and pontoons to a height of 10 feet G inches above their 
decks, so that  the inshore ends of the bridges might be sufficiently 
high above the  water  to be landed on the axles,  on a tide  rising 
only 14 feet above  Old  Dock Sill, when  there would be little 
current  in  the river. 

The bridges were launched in  the following manner. The 
packings  under the main  girders  having been “set up” with 
wedges, to  ensure the pressure being  evenly  distributed on the 
ways, and  the L‘ poppet” shores, which had previously held the 
bridges up while the  ways were being put under, having been 
taken  out,  the  “daggers” at   the bottom cleats a t  each side of 
the ways were knocked out,  and  the bridges were hauled down by 
a tackle, the  fall of which  was taken round a winch barrel. As 
soon as a bridge was projected far enough over the dock, the 
daggers were put  in  at  the  next cleats, and a couple of pontoons, 
with packings upon them, sunk  to  the necessary depth  with 
water  ballast, were brought under the end, and  then,  by pumping 
out the water, raised, so as  to  take  part of its weight.  Next, one 
of the two camels which  had  eventually to  carry each bridge, was 
introduced between the pontoons and  the dock wall. The  bridge 
was again projected until  the second camel could be placed in 
position, and afterwards the pontoons were removed, except those 
between the Rmaller camels under the goods bridge. As soon as 
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they were launched they were  taken  up the dock, and moored to 
the stage, to  await the necessary height of tide  for  putting  them 
in place. They were  securely shored from the decks of the 
camels, and the camels were  tied  together by balks of timber. 
The camels when carrying  the bridges  had  a  freeboard of 2 feet 
6 inches. 

The tides,  which  ranged from 14 feet 11 inches above Old  Dock 
Sill on the 20th November, 1879, tg 12 feet 8 inches on the 23rd of 
the month, were considered suitable  for  putting  the landing-stage 
and bridges in place: These  were  brought down the  Great  Float, 
a distance of about 1 mile, on the morning of the 20th.  The 
bridges were towed by a' hrg6 paddle  tugboat, with  a small screw 
tugboat  lashed broadside on astern of the  last camel for  steering, 
and  the  stage was towed in a  similar  manner. They were all got 
into  the entrance lock of the dock by midday. As  soon as  the tide 
allowed, the  stage was hauled  outside the dock gates,  and  laid 
alongside the  wall  in  the river,  and the bridges were left  in  the 
lock. 

At about  four hours' ebb  the  stage was hauled  out of the 
entrance  to  the dock, and  two powerful paddle tugboats were made 
fast a t  each end, by which it was towed to  its  berth.  In less than 
an hour from the time of leaving the dock entrance the stage was 
got t o  its site,  and the fore and  aft mooring-chains, which  had 
been buoyed in position, were then picked up and  hauled in ;  
an operation  which occupied about  two  hours more. The anchors 
were next  brought  to a bearing  by a tugboat,  attached to the 
stage,  going  ahead  and  astern. 

About two  and  a half holm before high  water on the 21st, the 
passenger  bridge was brought  out of dock and dropped into position 
on the flood tide ; just before high  water it was secured by moor- 
ings  until  the  tide fell,  when the inshore  end  dropped  into place 
on the axle,  and released the camel at  that end. Owing to the 
height of the foreshore at  that point, the  other camel was not  got 
clear until  the morning of the 25th. 

Next day  the goods bridge  was  brought  out of dock, a t  8.30 A x . ,  

and got  into position an hour  afterwards. It was  landed on the 
axles in  the same way as  the passenger bridge, but  without  a 
hitch,  and in much less time,  both camels and pontoons being  clear 
by 7.30 A.M. on the following morning. 

The cross bridle mooring-chains were then picked up,  and the 
leugths of all  the moorings  adjusted, to bring  the  stage  into 
position. 

The roof over the passenger  bridge was erected from a  temporary 
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staging composed of planks  laid upon angle-irons  bent to  a  right 
angle  and  bolted t o  the webs of the side girders. As soon as the 
tee-iron  bars on one half of the roof were  bolted in place, the glass 
was put on and  held by temporary  zinc  clips until  the  timber 
cappings  were  fitted over it. 

Weight of Passenger Bridge and Roof. 

Roof with fascia, &c. . . . . . . . . .  46 10 1 
Bridge as launched . . . . . . . . .  251  17 1 
Flaps . . . . . . . . . . . . .  6 12 2 

T. wt .  qrs. 

Total weight in place . . .  Tons 305 0 0 

FERRY BuILDINos.-(Plate 9, Figs. 1, 2, 8, 9.) 

Under the head of Ferry Buildings  are  included  both the  part 
devoted to passenger traffic and the engine-  and boiler-house and 
accumulator-tower. The former of these, or the station, is erected 
partly on the quay, but chiefly on the  north bridge  pier  and  plat- 
form. The portion on the  land  is  built of red  brickwork,  with. 
sandstone  dressings ; that on the pier is entirely of timber  framing, 
with  the  sill bolted down. The  framing  is filled in  with rough 
6‘ stiling ” and  side  fillets,  lathed  and  plastered on the inside, 
and  externally covered with  a sheeting of rebated  weather board- 
ing, 1 inch  thick. A marginal fascia board, with cusp head, is. 
fixed in each panel. The space from the  north side of the high-level 
pier t o  the  north side of the passenger  bridge  pier is divided, by 
two rows of columns, into  three  bays, each of which is covered by 
one span of the roof. All  wrought  timber used in  this  part of 
the work is  pitch  pine,  and  all exposed to view is varnished. The 
roof trusses are stop-chamfered,  and  well bound together with 
straps and bolts. Longitudinal  bearers  are  laid  along  the columns, 
and the  roof trusses  spring from these  and the timber  framing of 
the outer walls. Purlins  are  attached  to  the principal backs, support- 
ing 1 inch  V-jointed  and  tongued  boarding,  laid  diagonally. The 
boarding is covered with Veille Montagne zinc, No. 16 gauge,  laid to 
the  Italian roll pattern,  an ornamental  cresting  being fixed along the 
ridges, with terminals at  the ends. Skylights  are  introduced in 
the upper  portion of each span.  Brackets,  curved braces, pen- 
dants, &C., are fixed in  the gables next  the river. The office, 
ladies’ waiting-room,  and conveniences are  partitioned off with 
timber  framing,  filled  in  with  rough  stiling,  lathed  and  plastered 
on both sides. In  the case of the first-named rooms, the  partitions 
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are carried up to  the roof and glazed. Four toll-houses, in  a row, 
are spaced across the station.  Each toll-house commands two 
turnstiles, room being  left at  the sides for two more when  required. 
Passengers and  luggage pass through  both  ways  in  the  centre. 

The machinery  building  consists of an engine-  and boiler-house 
in one, and an accumulator-tower ; the  latter  is carried up  to a 
height of 70 feet to  the top of the  parapet wall,  and is utilised as 
a clock tower. It is covered in  with a  slated  spire or high-pitched 
roof, having  an ornamental finial. There  are  four  illuminated clock 
dials, 6 feet in diameter.  The clock, which is  by Joyce, of Whit- 
church,  gives one stroke on a 2-cwt. bronze bell  every  quarter of an 
hour,  for starting  the boats. The firing  platform  for the boilers is 
outside the building,  and is covered by  a lean-to roof. The  walls of 
the machinery  building are of brickwork,  similar  to that  in  the 
passenger  station,  and the roof is covered with Tl’elsh duchess. 
slates,  rendered  underneath with  hair mortar. The foundation 
for the tower is brought up from the ‘‘ growing  clay ” of the old 
foreshore in  a solid mass of concrete. The engines are fixed with 
Lewis  bolts to Runcorn  ashlar,  set on a bed of Portland  cement 
concrete; .the total  depth of ashlar  and concrete is 5 feet 3 inches. 

The  land  front of the passenger  station is provided with a 
covered way,  constructed of ornamental  cast  and  wrought  iron- 
work ; the roof is  in  three spans, glazed with rough  plate-glass. 

CAPSTANS.-(%te 9, Fig. 2.) 

Three of Brotherhood’s patent  three-cylinder  hydraulic  capstans. 
are placed upon the works, one on the landing-stage,  for  working 
wagons  along the rails on the stage,  and on and off the lift plat- 
forms ; another on the high-level  pier  for  working wagons 
along the pier,  and on and off the  lift  platforms; and the 
third on the pier at  the top of the goods bridge,  for  helping 
carts up  the bridge  when the inclination is too great for the 
horses to  draw up  the loads unassisted. The cylinders of the. 
capstans are inches in diameter  by 4 inches length of stroke. 
The capstan on the high-level  pier is over the centre  longitudinal 
girder,  to  obviate  cutting  which  the  engine is placed in  a cast-iron 
casing on the top,  and it is raised by  two  rams 3 inches in diameter 
by 18 inches  stroke, one ram on each side of the flange of the 
girder,  when it requires  packing, &c. The capstans  are  each 
capable of a  minimum pull of  20 cwt. on the level, with  a pressure 
of 600 lbs.  per  square  inch. 
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PRESSURE AND RETURN PIPES. 

The  pipes  for  conveying the pressure to  the  lifts, capstans,  and 
gangwsy presses, a,nd for returning  the  water  in summer or anti- 
freezing  mixture  (which is composed of about 3 parts of water to 
1 of crude  brown  glycerine) in winter,  to the  tank over the pumps 
in  the engine-house to be again used, are 4 inches  and 5 inches in 
internal diameter  respectively at  the pumps, decreasing to 2 inch 
and 1 inch in diameter at  the gangway-presses  and  capstans, of 
cast  iron, on the piers  carried by wrought-iron  hangers  under the 
deck, and of wrought-iron 2 inches in diameter down the goods 
bridge  and on the landing-stage, with  joints of gun-metal,  to allow 
of the motion of the  bridge a t  each  end.  The pipes from the lift- 
-valves  on the high-level  pier to  the  lift cylinders are of copper 
13 inch  in  internal diameter. 

ACCUMULATOR. 

The accumulator-cylinder  and  ram  are of cast  iron, 18 inches in 
diameter by 20 feet length of stroke, with a weight case 9 feet 
9 inches in diameter, by 21 feet deep, of wrought-iron  plate 4 inch 
thick,  attached t o  the ram head by a crosshead, also of wrought 
iron,  and  ballasted with  slag,  to give  a  pressure  equal t o  600 lbs. 
on each square  inch of the ram.  When the  attendant leaves in 
the evening, the accumulator  weight-case is  left at  the top of its 
stroke,  to work the passenger  gangways  for the boats,  which run 
hourly during  the  night. 

ENGINES AND PUMPS. 

The pumping power is derived from a  pair of direct-acting  hori- 
zontal  high-pressure  engines  capable of being worked both in gear 
and  by  hand  either  jointly or independently.  Each  engine  has the 
force pump  between the cylinder  and  crank, the connecting-rod 
being forked t o  permit of this arrangement,  and the pump-ram is 
attached to  the motion-block ; the engines are coupled by cranks 
set  at a right angle. The steam-cylinders are 15 inches  diameter 
by 24 inches length of stroke ; the pumps are double-acting, with 
plungers 6 inches in diameter.  The  engines are automatically con- 
trolled by the accumulittor, in addition to  the ordinary screw-down 
valve. The pumps are supplied from the  return water-tank,  which 
is in close proximity, with a head of 18 feet. 
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BOILERS. 
The boilers are  in duplicate, of the Cornish  type, 22 feet  long  by 

h: feet in diameter, with  a flue 2 feet 9 inches in diameter,  fitted 
with six Galloway tubes,  and  are  set with  an inclination  to the 
front of 14 inch in  their  length.  Instead of steam domes, they 
have  a  perforated steam collecting pipe, 6 feet  long by 4 inches in 
internal diameter.  They  are fed from a  wrought-iron  cistern above 
them,  into  which the township  water is laid,  either  by  an  injector 
or a pump worked from the crank of one  of the engines,  and are 
arranged so as to  be capable of being worked either  together or 
separately,  and of supplying  the engines  with  steam at a  working 
pressure of 80 lbs. to  the square  inch. 

GAS SERVICE. 
The top  handrail on the piers forms the gas service to the lamps ; 

the pipes to  the  stage  are led down inside one  of the girders in 
each bridge,  having  brass  universal  joints at  the ends. The  north 
bridge is  lighted  by shadowless spherical lamps, one under  each of 
the overhead ties in  the roadways,  and the south  bridge by square 
lamps fixed on the top of the overhead arches.  The  stage  is  lighted 
by  square  lamps upon standards,  and the gangways  by  three 
spherical  lamps upon each arch. All the  ferry buildings are lighted 
with gas ; the passenger  station  having eight Argand  lamps sus- 
pended from the roof, and  ordinary  brackets  and  pendants  being 
fixed in  other places where needed. 

PAINTING. 
The castings  for the columns, &C., were coated with black varnish 

before leaving the contractor’s yard; those for the  handrail standards 
and  entablature  were covered with boiled oil, as they were  after- 
wards  to be painted. The whole of the wrought-iron  plates  and 
bars used in  the work,  except those for the pontoons, were covered 
with boiled linseed-oil before they  were  incorporated in  the girders, 
&c. ; the girder-work, upon being  riveted  up, received two coats of 
oil paint  in  the yard. As soon as  the pontoons were riveted  up, 
caulked,  and  tested, they were covered outside with one  coat of 
boiled linseed-oil, and,  after the oil was dry,  with two coats of red 
lead in oil, and a finishing one of black  varnish. The top of the 
corrugated  plates, on the outer portion of the high-level  pier  and 
on the landing-stage, was covered  before the timber was laid with 
a  mixture of pitch  and tar of such consistency that it did  not run 
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off or crack  when dry ; the underside is painted the same as the 
girders upon which the plates  rest.  After  erection, the cast-iron 
columns in  the piers received two coats of black  varnish,  and  the 
girders, up t o  the roadway  line, one coat. The keelsons, when 
riveted up on the pontoons, had  a  finishing coat of red  lead in oil. 
The  bridge  girders received a finishing coat of chocolate colour; 
the passenger  bridge roof outside is zinc colour, and  shades of blue 
inside. The engines  are  painted  a light chocolate colour, with  the 
flanges picked out  in black. The outside of the timber  framing 
of the passenger  station  is  stopped-in, primed, and  painted with 
four coats in oil and  white  lead,  the main timbers  being finished a 
dark olive green, the panels chocolate, and the  marginal fascias, &C., 

n light stone colour. The inside is stained  and  varnished with two 
coats of copal. 

APPROACH RoAD.-(Plate 9, Fig. 1.) 

The  new  approach road is 122 feet wide, and on a  gradient of 
1 in 47. The foot-walks are laid with Yorkshire flags and 
granite curbs, that on the  north side  being 18 feet,  and on the 
south 12 feet wide, leaving  a  width of carriage-way of 92 feet. 
Along the south side of the road a  tramway, on Barker’s  system, 
has  been  laid by  the Wallasey  Tramways Company, their engi- 
neer  being Mr. Charles H. Beloe, M. Inst. C.E. The whole of the 
carriage-way  between the channel  stones,  except crossings, and 
along the tramway,  which  was paved by  the company, is formed of 
Penmaenmawr macadam and  Portland cement concrete, sufficient 
chippings  and  gravel  being used to fill up  the interstices. The 
proportion was 8 parts of aggregate to 1 part of cement,  and the 
thickness of the metalling was 9 inches. No pitching or hard core 
was used, the concrete being  laid  directly on the clay,  which was 
first  rolled till brought  to  a good even and solid surface. The road 
in front of the goods department is paved with  setts from the old 
slip. The gas  and  water  pipes  and the surface  drain  pipes  for that 
side of the road are  brought down in  a subway  under the north 
footwalk. The  lighting  is effected by  single lamps  along the sides, 
and  two  large lamps, one with five lights  and  the  other  with  three, 
in  the middle, at top and bottom. Along the south side of the road 
i s  a brick  retaining  wall  with  a  hoarding on the top. 

RAILwAY.-(Plate 9, Fig. 1.) 

In order to preserve  a  frontage to  the new road in the plot of 
reclsimed land  bordering its south  side,  and in view of the fact 
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that  until accommodation is provided on the Liverpool side no cross- 
river traffic can be conducted in loaded railway wagons, the Board 
determined that  the reclaimed land should be  skirted by a  railway, 
with  the  intervention of two  turntables,  curving round t o  form a 
junction  with  the dock rails. The road is  a double line,  laid  with 
double-headed iron  metals,  weighing 60 lbs. per  yard. It is in- 
tended that  this ground  shall be also used as  a  railway  depot,  and 
a  portion of it is paved with  this object. A weigh-bridge with 
sunk  rails,  suitable  for  either carts or railway wagons, is fixed on 
the down line. 

TWTS OP MATERIALS, &c. 
From  each  consignment of Portland cement delivered on the 

works samples were  taken  and  tested in  the customary  manner. 
The results showed a  tensile strength  varying from a minimum of 
528 lbs. per 2; square  inches t o  a maximum of 1,040 lbs., the 
average  being 737 lbs. The  tests were made seven days after 
gauging,  the  test bricks  having been kept  for  the  last six  days 
under  water. The residue of the cement, when passed through a 
60-gauge sieve, ranged between 132 and 28 per  cent. 

The  cast  iron in  the works stood the following tests :-Bars, 
5  feet  long by 1 inch  square,  were  cast at  the same time as some 
of the cylinders, &c. ; these were placed on bearings 4 feet 6 inches 
apart, and  a load was suspended from the  centre;  the average 
breaking  weight of twelve  bars was 612 lbs. 

Test  bars  were  cut from each delivery of wrought-iron  plates, 
angle-  and tee-irons, and  tested at  the Mersey  Docks and  Harbour 
Board's  hydraulic  machine a t  Rirkenhead, with  the following 
.average  results :- 

Materials. I E8:! 1 
square inch. la+ inches. ~~$~~ Elongation In 

-_.__--_.-- 

Tons. Per cent. 
Tee-iron . . . . . 

6.72 21'9943 20 Plates . . . . . . 
8.76 22.3371 16 Angle-iron . . . . 
9'08 23.1334 3 

The specified breaking  strain  was 21 tons  per  square  inch. 
After the pontoons had been riveted  up  and caulked, but before 

any painting outside or cementing  inside was done, every com- 
partment  in each pontoon was  separately filled with  water, and 
proved perfectly t igh t  

X 2  
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The mooring chains  were proved at a  public machine to  10 per 
cent. over Admiralty proof strain for  chains of their diameter- 
A piece, six links long,  cut from each of the eleven lengths,  was 
broken with  an average strain of 114.14 tons. It was specified 
that  the  breaking  strain should  not be less than 50 per cent. over 
Admiralty proof strain, or 108 tons. The  anchors  were also tested 
at  the same time. 

The  lift cylinders  and  rams  were  tested,  and proved sound 
castings by hydraulic  pressure ; the former with  a pressure of 
2,240 lbs.  per  square  inch, the  latter  with 1,000 Ibs. to the  square 
inch  internally.  The  accumulator  cylinder was tested with  the 
ram  inside with  a pressure of 2,240 lbs.  per  square  inch. The 
gangway presses, pipes,  and  other parts subjected to hydraulic 
pressure were tested with  a water-pressure of 2,250 lbs.  per 
quare  inch. 

The boilers were tested  and proved tight,  with  a  hydraulic 
pressure of 140 lbs. per  square  inch. 

PRICES, AND COST OF WORKS. 

The sectional  area of the %feet wall is 438 square  yards,  and 
the  cwt per  lineal  yard was $63 2d., or with counterforts, 
S65 10s. 5d. For the 27-feet portion, the figures  are : sectional 
area 474 square  yards,  and  per  lineal  yard, S69 8d. and S73 38.4d. ; 
the  latter not  including  the bridge  pier  abutments  and steps. 
The  weights per  square foot on the foundation,  including the 
counterforts, are (allowing 17 cubic  feet to  the  ton) 1.465 and 
1 577 ton  respectively. 

The following were the  principal  rates paid  for the  river wall? 
ancl earthwork :- 

€ S. a. 
Excavating  any kind of material from the 

foundation trench, and  running to spoil  within1 0 S 0 per  cubic  yard. 
20 yards . . . . . . . . . . .  \ 
material on reclaimed land . . . . . .  1 Excavating bowling  green, &C., and depositing 

Supplying and depositing  filling . . . . .  0 2 4 .. 
Rock rubbish for backing up  the wall . . .  0 3 6 .. 
Concrete laid in  any position at any part of the 0 ,, 

works . . . . . . . . . . . .  1 
soft stone  masonry in the river wall, including 49 ,, 

coping. . . . . . . . . . . .  } 
Note.-The style of masonry having been  modified by agreement  from that 

specified, this price was arrived at as an average of the rates in  the originaI 
contract. 
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Brickwork in bridge pier abutments . . . 1 14 6 per cubic yard. 
Granite  ashlar  under cast-iron  bed-plates  for per cubic foot. 

Granite  steps . . . . . . . . . .  0 7 5 .. 
The price  charged to the contractor by the Dock 

b. S. d. 

pier girders . . . . . .  . . .  I 
Board, for mortar loaded into  his wagons at 0 12 0 per  cubic  yard. 

masonry,  measured in place  before  being 0 5 6 ,, 
touched, and used in the new  work,  was . . I 
the  mill was . . . . . . . . . .  I 

The  price allowed  by the contractor for old 

The following are some of the principal  rates for the iron and 
'timber work, erected complete in place, in  the piers and landing- 
.stage :- 

6. S. a. 
Columns 5 feet  and 2 feet 6 inches in diameter. 18 0 0 per ton. 
Columns 18 inches in diameter . . . . .  16 10 0 .. 
Protecting  cylinders 5 feet in diameter, in clay 19 0 0 ,, 
Girders in piers . . . . . . . . .  17 0 0 .. 
Pontoons. . . . . . . . . . . .  18  10 0 ,, 
Keelsons. . . . . . . . . . . .  17 10 0 ,, 
Centre  girder, passenger bridge . . . . .  19 10 0 ,, 
Outside  girders, passenger bridge . . . .  19 0 0 ,, 
Arched stays  to  bridge  girders . . . . .  21 0 0 .. 
Bottom stays to bridge  girders . . . . .  18 0 0 .. 
Box girders for bridge  joints . . . . . .  18 0 0 ... 
Corrugated  plates on piers, stage and bridges . 17 10 0 ,, 
Portland cement  concrete in columns and on per cubic yard. 

Asphalt on piers and platforms . . . . .  0 10 0 per square  yard. 
Greenheart  planking on piers  including  caulk- per foot. 

Greenheart  planking on stage  and  bridges, 14 

Greenheart  battens in horse track, and on foot- 13 

Pitch pine on  goods bridge,  without  fastenings. 0 5 0 ,, 
American elm face fenders, without  fastenings . 0 7 0 ,, 

Cost of a Square yard of Landing-Stage Deck only. 

Main girders, goods bridge . . . . . .  19 10 0 ,, 

Mooring  chains,  2-inch stud link. . . . .  21 0 0 .. 
piers and platforms . . . . . . .  I 
ing and fastenings . . . . . . . .  I 
including  caulking  only, 1 
ways, without fastening . . . . . .  I 

7, . . . . . .  
9 

€. S. d. 
1574 lbs. corrugated plates at 178.6d. per  cwt. = 1 4 73 per square yard. 
2$ c. ft. greenheart  planking at 148. per c. ft. = 1 11 6 

22  16 12 

C0.d of Landing-Stage per square yard of deck area. 

TJorth end of stage . 202 0 X 80 0 = 1,795 
,South  endof  stage . 108 6 X 54 4 = 655 

Ft. In. F . In. 
- 
2,450 square yards of dwk area. 
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Pontoons 8,011  19 9 = 3  5 4.84 per  sq.  yd. 
Keelsons . . . . . . .  7,402 11 1 = 3 0 5.14 ,, 
Deck, face fenders, lamps, &c. . 8,949 15 10 = 3 13 0.71 ,, 
Total cost of landing  stage E24,364  6 8 = 9 18 10.69 ,, 

E S. d. e S. d. . . . . . . .  

-- -- 
--  -- 

Principal  rates paid for approach road and  railway :- 
e. S. a. 

Brickwork in retaining wall along new  road . I 0 0 per cubic yard. 
Brickwork in walls of subway. . . . . .  1 6 0 ,, 
Pcnmaenmawr stone and  Portland cement con- per square yard. 
Yorkshire flags in footwalks . . . . . .  0 5 6 ,, 
Rock pitching andboulder paving to railway . 0 4  6 ,, 
Railway (60  Ibs. iron metals) laid complete, all l per linml yard. 
13-feet turntables . . . . . . . .  .l05 0 0 each. 
Weighbridge and office complete. . . .  .205 13 6 

Crete in carriage way, 9 inches thick . . .  1 

points and crossings included (single track) . I 
COST OF WORKS. 

L. S. d. E. S. 8. 
Foreshore purchased from H.M. Commis-} 2,D80 

Charges in connection with conveyance] 85 14 

Temporary ferry :- 

sioners of  Woods and Forests . . . .  
thereof . . . . . . . . . .  
Landing-stage, bridge, and timber pier . 3,893  16 0 
Rent of premises  for approach. . . .  1,022  19 7 
Removing landing-stage, and bridge. . 155 6 5 

3,065  14 G 

5,072 2 0 
River wall and reclamation :- 

Borings . . . . . . . . . .  47 5 0 
Masonry, &C., in river wall . . . .  22,930 12 8 
Masonry in bridge pier abutments . . 1,734 9 10 
Masonry in mooring chambers . . .  601 9 10 
Shore attachments for landing-stage} 1o 

Earthwork . . . . . . . . .  14,040 13 0 

moorings . . . . . . . . .  
Mooring  posts on river wall . . . .  43 8 2 

39,479 8 S 
Dredging . . . . . . . . . . . . . .  6,337 12 0 
Bridge piers . . . . . . . . . . . . .  10,470 15 0 
High-level pier . . . . . . . . . . . .  11,449 16 6 
Platforms between piers . . . . . . . . . .  3,793 11 5 
Landing-stage . . . . . . . . . . . . .  24,362 6 8 
Landing-stage moorings . . . . . . . . . .  1,514 18 11 
Passenger bridge and roof :- 

Bridge . . . . . . . . . .  5,228 14 8 
Roof . . . . . . . . . . .  1,553 8 1 

-_. 6,782 2  9 
Goods bridge . . . . . . . . . . . . .  4,450 10 7 

Carried forward llti,780 19 0 
--- 

. . . .  
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S. S. a. S. S. a. 

116,780 19 0 

617 4  9 
907 4 5 
496 0 0 
522 9 0 

1,736 12 7 

226 18 6 
513  4  1 
356 3  3 

5,375 16 7 

5,008  6 0 
2,503 1 3 

7,511  7 3 . . . .  3,137  8 7, 
. . . .  1,772 4 4 

Brought forward . . 
Two  Cornish boilers . . . . . .  
Two engines and pumps . . . . .  
One accumulator . . . . . . .  
Three capstans . . . . . . . .  
Two lift-platforms  with movable  road- 

ways, cylinders, and rams . . . .  
Two  passenger  gangways with presses,  &c. 
T w o  goods gangways with presses, &c. . 
Pressure and return pipes for entire system 

Passenger station . . . . . . .  
Machinery shed . . . . . . . .  

Hydraulic machinery :- 

Ferry buildings :- 

Approach road . . . . . . . . .  
Railway. . . . . . . . . . .  
Engineering :- 

Commission, salaries, and wages . . .  
Stationery, and printing  reports . . .  
Instruments  and models . . . . .  
Advertising for tenders . . . . .  
Rent of temporary  offices . . . . .  

Miiscellaneous :- 
Interest on loam . . . . . . .  
Use  of dock line of railway, &c. . . .  
Lamp sheds on piers . . . . . .  
Stagemen’s huts, &C., on landing-stage . 
Glycerine for hydraulic  pipe system . 
Law expenses . . . . . . . .  
Incidental and other expenses . . .  

3,329  2 0 
75 17 4 
75  16 6 

123  17 l 1  
28  11 7 -- 3,633 5 4 

4,083 3 5 
261 8  9 
261 1 6 
149 13  7 
102  17 1 
147 5 6 
291  18 1 --- 5,297  7 11 

Total cost of works . . . . .  2143,508  9 0 

The whole of the works described, with  the exception of 
the  ferry buildings,  which  were  entrusted to Mr. G. E. Grayson, 
architect, of Liverpool, and  carried  out by him  under the super- 
vision of  Mr. E. W. Nobbs, are from the designs,  and  have been 
constructed  under the supervision of Mr. William Carson, M. Inst. 
C.E. ; the Authors, Messrs. Wilfrid S. Boult  and John J. Potts, 
Assoc. MM. Inst. C.E., were the resident  engineers;  the former 
having  charge of the reclamation,  foundations of piers,  dredging, 
and road and  railway  construction ; and the  latter of the super- 
structure of the piers,  landing-stage,  bridges,  and  machinery. 

The contractors  were as under :-For the  river  wall  and  earth- 
work, Mr. Thomas Monk,  Bootle ; Mr. E. S. Cornish  acting  as  his 
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engineer.  For the piers,  landing-stage,  and  bridges, Messrs. 
Thomas  Brassey  and Company, Canada Works, Birkenhead, Mr. 
J. W. Woodford a t  first  being in charge, On the  death of this 
gentleman, Mr. James Rodgerson, Messrs. Brassey’s manager, took 
upon himself the personal  superintendence of the work. For  the 
hydraulic  machinery  and  all in connection therewith, Messrs. the 
Hydraulic  Engineering Company, Chester,  under the direction of 
Mr. E. B. Ellington.  For  the dredging, Mr. George Lawson, 
Glasgow. For the  ferry buildings, Messrs.  Holme and Nicol, 
Liverpool;  and  for  the  approach road and railway, Mr.  Tsaac 
Anwell, Liverpool. 

OPENING OF THE WORKS. 

At noon,  on the  5th of January, 1880, the passenger  boats began 
to  ply from the new ferry ; and from the  1st of April following 
the goods traffic has also been conducted at  the new stage, the 
luggage  boat  running a t  intervals of two  hours up to the  1st of 
June,  and since this  date every hour. On Good Friday,  the 26th 
of March, 1880, the Seacombe boats conveyed 14,133 passengers 
across the  river; and on Whit Monday, the  17th of May,  1880, 
22,969 passengers. As  some of the horses in  carts using the  lifts 
showed signs O$ timidity at  the  sight of the  water, door screens 
have been fixed‘at the ends of the platform roadways. 

The floating  stage  and  bridge  forming the temporary  landing 
were removed on the 23rd of July, 1880. The former was towed 
higher  up  the  river  and beached above high-water  mark, the 
bridge  was removed on a  river  flat  and  a camel ” to the top of 
the  great float, where it was placed on land  belonging  to the 
parish. The timber  forming the approach t o  the shore end of 
the bridge was then cleared away. 

The  Paper is accompanied by copies of accepted tenders  for 
several of the contracts,  and by numerous drawings, from which 
Plates 9 and 10 have been engraved. 
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